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NOVEL TARGETED COMPOSITIONS 
FOR DIAGNOSTIC AND THERAPEUTIC USE 

Cross>Rcfercnce to Related ADplications 

This application is a continuatioa-in-part of U.S. applicadon Serial 
5 08/640,464, filed I^y 1, 1996, ^di is a continuatioii-iii-part of U.S. appUcation Serial 
No. 08/497,684, filed June 7, 1995. The disclosures of each of the foregoing ^plications 
are hereby incorporated herein by reference, in their entir^. 

Field of the Invention 

The present invention relates to novel targeted compositions and the use 
10 thereof. More particulariy, tiie present invmtion relates to novel targeted compositions 
vAddti may be targeted to tissues in the body for diagnostic imaging and/or for the 
administration of bioactive agents. 

Background of the Invention 

A variety of imaging techniques have been used to diagnose diseases. 

IS Included amoiig these imaging techniques is X-ray imaging. In X*rays, the images 

produced reflect the different densities of structures and tissue in the body of the patient 
To improve the diagnostic usefulness of this imaging technique, contrast agents may be 
employed to increase the density of tissues of interest relative to surrounding tissues. 
Examples of such contrast agents include, for example, barixun and iodinated compounds, 

20 which may be used for X-ray studies of the gastrointestinal region, including the 
esophagus, stomach, intestines and rectum. Contrast agents may idso be used for 
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computed tomography (CI) and computer assisted tomography (CAT) studies to in^nove 
visualization of tissue of mterest» for example, the gastrointestinal tract 

Magnetic resonance imaging (MRI) is another ima^ng technique which, 
unlike X-rays, does not involve ioni2ing radiation. MRI may be used for producing cioss- 
5 sectional images of the body in a variety of scanning planes such as, for example, axial, 
coronal, sagittal or orthogonal. MRI employs a magnetic field, radio fi:equenqr energy 
and magnetic field gradients to make images of the body. The contrast or signal mtensity 
differences between tissue maiidy reflect the Tl G^ngitudinal) and T2 (transverse) 
relaxation values and the proton density, viiich generally corresix>nds to the fiee water 
10 content, of the tissue To chaqge the signal mtensity ma region ofa patient by die use of 
a contrast medium, several possible approaches are available. For example, a contrast 
medium may be designed to change either the Tl, the T2 or the proton density. 

Generally speaking, MRI requires the use of contrast agents. If MRI is 
perfdmied without employing a contrast agent, dififerentiation of the tissue of intciest fiom 
IS the surrounding tissues in the resdting image may be di£Scult In the past, attention has 
focused priniarily on paramagnetic contrast agents for MRL Paramagnetic contrast agents 
involve materials which contain unpaired electrons. Th^ unpaired electrons act as small 
magnets within the main magnetic field to increase the rate of longitudinal (Tl) and 
transverse (T2) relaxation. Paramagnetic contrast agents typically comprise metal ions, 
20 for example, transition metal ions, which provide a source of mqiaired electrons. 
However, these metal ions are also generally highly toxic. In an effort to decrease 
toxicity, the metal ions are typically chelated with ligands. 

Metal oxides, most notably iron oxides, have also been employed as MRI 
contrast agents. While small particles of iron oxide, for example, particles having a 
25 diameter of less than about 20 nm, may have desirable paramagnetic relaxation properties, 
their predoixiinant effect is through bulk susceptibility. Nitroxides are another class of 
MRI contrast agent v/tnch are also paramagnetic. These have relatively low relaxivity and 
are generally less efifective than paramagnetic ions. 

The existing MRI contrast agents suffer fiom a number of limitations. For 
30 example, increased image noise may be associated with certain contrast agents, including 
contrast agents involving chelated metals. This noise generally arises out of intrinsic 
peristaltic motions and motions fiom respiration or cardiovascular action. In addition, the 
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signal intensity for contrast agents generally depends upon the concentration of the agent 
as well as the pulse sequence employed. Absoiption of contrast agents can complicate 
* interpretation of the images, particulariy in the distal portion of the small intestine, unless 

sufficiently high concentrations of the paramagnetic species are used. See, e.g.^ 
^' S YLommessGc eX9l.^ Magnetic Resone^ 

Other contrast agents may be less srasitive to variations in pulse sequ^ice 
and may provide more consistent contrast However, high concentrations of particulates, 
such as ferrites, can cause magnetic suscq)tibtlity arti&cts \^ch are pardculaiiy evidrat, 
for example, in the colon where die absoiption of intestinal fluid occurs and the 

10 superparaniagnetic material may be concentrated 

Toxicity is anotfier probirai which is generally assodated witti currently 
available contrast agents, including contrast agents for MRI. For example, ferrites often 
cause symptoms of nausea after oral administration, as well as flatulence and a transient 
rise in serum iron. The gadoUnium ion, which is comploced in Gd-DTPA, is highly toxic 

IS in fiee form; The various environments of the gastiomtestinal tract, including increased 
acidity (lower pH) in the stomach and increased alkalmity (higher pH) in the intestines, 
may increase the likelihood of decoupling and separation of the fiiee ion fiom the complex. 

Ultrasound is another vduable diagnostic imagmg technique for studying 
various areas of the body, includmg, for example, the vasculature, such as tissue 

20 microvasculature. Ultrasound pro^desceitain advantages over other diagnostic 

techniques. For exanq)Ie,dii^ostic techniques involving nuclear medicine and X-rays 
generally iiivolvese)q)osureofthe patient to ioni23ng electron radiation. Suchradiadon 
can cause damage to subcellular material, mcluding deoxyribonucleic acid (DNA), 
ribonucleic acid (RNA) and proteins. Ultrasound does not mvolve such potentially 

25 damaging radiation. In addition, ultrasound is relatively inexpensive relative to other 
diagnostic techniques, including CT and MRI, which require elaborate and expensive 
equipment. 

Ultrasoimd involves the exposure of a patient to sound waves. Generally, 
^ the sound waves dissipate due to absoq)tion by body tissue, penetrate through the tissue or 

30 reflect off* of the tissue. The reflection of soimd waves off" of tissue, generally referred to 
^ — as backscatter or reflectivity, forms the basis for developing an ultrasound image. In this 

connection, sound waves reflect difioentiaUyfom different body tissu This 
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dififerential reflection is due to varioxis &ctors, including the constituents and the density 
of the particuiar tissue being observed. Ultrasound involves the detection of Ae 
differentially reflected waves, generally with a transducer that can detect sound waves 
ha^ga£nequencyof onemegabeitz(MHZ)totenMHZ. The detected waves can be 
S integrated mto an image which is quantitated and the quantitated waves converted into an 
image of the tissue being studied 

As with tfie diagnostic techniques discussed above, ultrasound also 
generially involves the use of contrast agents. Exemplary contrast agents include, for 
example, suspensions of solid particles, emulsified liquid droplets, and gas-filled bubbles. 
10 See, eg., Hilmann et al., U.S. Patent No. 4,466,442, and publi^ed International Patent 
AppUcations WO 92/17212 and WO 92/21382. Widder et aL, published appUcation EP- 
A-0 324 938, discloses stabilized microbubble-type ultrasonic imaging agents produced 
fix»m heat-denaturable biocompatible juotein, for example, albumin, hemoglobin, and 
collagen. 

15 The quality of images produced fix}m ultrasound has inqm)ved 

significantly. Nevertheless, fiuther uiq)rovement is needed, ^rticularly witii respect to 
images involving vasculature in tissues that are perfused with a vascular blood supply. 
Accordingly, there is a need for improved ultrasound techniques, includmg unproved 
contrast agents which are cq>able of providing medically usefiil images of the vasculature 

20 and vascular-related organs. 

The reflection of sound fix>m a liquid-gas mter&ce is extremely efficient 
Accordingly, bubbles, including gas-fiUed bubbles, are useful as contrast agents. The term 
"bubbles", as used herein, refers to vesicles which are generally characterized by the 
presence of one or more membranes or walls surrounding an internal void that is filled 

25 with a gas or precursor thereto. Exraiplaiy bubbles include, for example, liposomes, 
micelles and the like. As discussed inore fully hereinafter, the effectiveness of bubbles as 
contrast agents depends upon various fictors, including, for example, tiie size and/or 
elasticity of the bubble. 

With respect to the effect of bubble size, the following discussion is 

30 provided. As known to the skilled artisan, the signal vA^ch is reflected off of a bubble is a 
function of the radius (r^) of the bubble (Raylei^ Scatterer). Thus, in the fiicquency range 
of diagnostic ultrasound, a bubble having a diameter of 4 micrometer (fun) possesses 
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about 64 times the scattering ability of a bubble having a diameter of 2 jun. Thus, 
generally speakmg, the larger the bubble, the greater the reflected signal. 

However, bubble size is Umited by the diameter of capillaries tfirou^ 
which the bubbles must pass. Generally, contrast agents which comprise bubbles havmg a 
5 diameter of greater than 10 pm can be dangerous since miciovessels may be occluded. 
Accordingly, it is desired that greater than d)out 99% of t^^ 

have a diameter ofless than 10 jun. Mean bubble diameter is unportant also, and should 
be greater than l^m, with greater than 2 ^m being prefer The volume weighted mean 
diameter of the bubbles should be abdut 7 to 10 micrometer. 
*® TTw elasticity ofbubbles is also important This is because highly elastic 

bubbles can deform, as necessary, to "squeeze" through capUlaries and/or to permit the 
flow of blood around the bubbles. This decreases the likelihood of occlusion. Hie 
effectiveness of a contrast a^t v*ich comprises bubbles is also dependent on the bubble 

concentration. Generally, the higher the bubble concentration, the greater the reflectivity 
IS ofthe contrast agent 

Another important characteristic which is related to the effectivOTess of 

bubbles as contrast agents is bubble stability. As used herein, particularly with reference 

to gas-filled bubbles, "bubble stabiKty" refers to the abUity of bubbles to retain gas 

entr^ped therein after exposure to a pressure greats than atmospheric pressure. To be 

20 effective as contrast agents, bubbles generally need to retain greater than 50% of 
oitrapped gas after e;q)osure to pressure of 300 millimeters (mm) of mercury (Hg) for 
about one minute. Particulariy eflTective bubbles retain 75% ofthe entrapped gas after 
being e)q}osed for one minute to a pressure of 300 mm Hg, with an entrapped gas content 
of 90% providing especially effective contrast agents. It is also hi^y desirable that, after 

25 release ofthe pressure, the bubbles return to their original size. This is referred to 
generally as "bubble resilience." 

Bubbles vMcb lack desirable stability provide poor contrast agents. If; for 
example, bubbles release the gas enttapped therem in vivo, reflectivity is dimmished. 
Similarly, the size of bubbles which possess poor resilience vdU be decreased in vivo, also 

30 resulting in diminished reflectivity. 

The stability of bubbles disclosed in the prior art is generally inadequate for 
use as contrast agents. For example, the prior art discloses bubbles, including gas-filled 
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liposomes, which comprise lipid-containing walls or membtanes. See, e.g., Ryan et al,, 
U.S. Patent Nos. 4,900^40 and 4,544^45; Tickner et al„ U.S, Patent No. 4^76,885; 
Klaveness et al,, WO 93/13809 and Schneider et al„ EPO 0 554 213 and WO 91/15244. 
Lanza et al., WO 93/20802 discloses acoustically reflective oligdlamellar liposomes, 
5 vMch are multilamellar liposomes with incxeased aqueous space between bilayeis or have 
liposomes nested within bilayers in a nonconoentric fiishion, and thus contain internally 
separated bilkers. Their use as ultrasonic contrast agents to enhance ultrasonic imaging, 
aiid in monitoring a drug delivered in a Iipos<xne admiioistered to a patient, is also 
described D'Arrigo,U.S. Patent No& 4,684,479 and 5,215,680 disclose gas-in-Uquid 

10 eittulsions and lipid-coated microbubbles, respectively. 

Many of the bubbles disclosed m lbs prior art have undesirably poor 
stability. Thus, flie prior art bubbles aie more likely to nq)ture in vivo resulting, for 
example, in the untimely release of any therapeutic and/or diagnostic agent contained 
therein. Various stucfies have been comlucted in an attempt to impn)ve bubble sto 

1 5 Such studies have included, for example, &e preparation of bubbles in vAdch the 

membranes or waUs thereof comprise proteins, such as albumin, or materials which are 
apparently strengthened via crosslinking. See, e.g., Klaveness et aL, WO 92/17212, in 
which diere are disclosed bubbles whidi comprise proteins crosslinked with biodegradable 
crosslinking agents. A presentation was made by Moseley et al., at a 1991 Nq>a, 

20 California meeting of the Society for Magaetic Resonance in Medicine, which is 

summarized in an abstract entitled "Microbubbles: A Novel MR Susceptibility Contrast 
Agait" Hie mioobubbles described by Moseley et al. comprise air coated with a shell of 
himian albumin. Alternatively, bubble membranes can coniprise compounds vliich are not 
proteins but which are crosslinked widi biocompatible compoimds. See, e.g., Klaveness et 

25 al„ WO 92/17436, WO 93/17718 and WO 92/21382, 

Prior art techniques for stabilizing bubbles, including the use of proteins in 
the outer membrane or crosslinking of the membrane components, suffer from various 
drawbacks. For example, the crosslinking described above generally involves the use of 
new materials, including crosslinked proteins or other compounds, for which the metabolic 

30 fate is unknown. In addition, crosslinldiig requires additional chemical process steps, 
including isolation and purification of the crosslinked compounds. Moreover, the use in 
bubble membranes of proteins, such as albumin, and crosslinking of the bubble membrane 
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components, can impart rigidity to the walls of the bubbles. This resiilts in bubbles having 
reduced elasticity and, therefore, a decreased abili^ to deform and pass tfarougji 
capillaries. Thus, there is a greater likelihood of occlusion of vessels with prior art 
contrast agents that iiivolve proteins and/or oosslinking. 
S Accordingly, new and/or better stabilized contrast agents and methods for 

providing same are needed The present invention is directed to this, as well as other, 
important ends. 

Sumiqary pf the Inyentipn 

The present invention is directed, in part, to contrast agents for diagnostic 
10 iinaging. Specifically, in one embodiment there is provided a contrast agent for 

diagnostic imaging comprising a lipid, protein or polymer and a gas, in conibmation with a 
targeting ligand, wherein said targeting ligand targets cells or receptors selected fiom tfie 
group consisting of myocardial cells, endo&elial cells, epithelial cells, tumor cells and the 
glycoprotein GPUbllla receptor. 
IS Another embodiment oftfie invention relates to ^ targeted compo^tion 

comprising a lipid, protein or polymer and a gas» in cornbuiation with a targeting ligand, 
wherein said targeting ligand targets cells or receptors selected fiom the groiq) consisting 
of myocardial cells, endothelial cells, epithelial cells, tumor cells and the glycoprotein 
OPnbnia receptor. 

20 Yet another embodiment ofthe invention relates to a ve^cle composition 

comprising, in an aqueous carrier, vesicles comprising lipids, polymers or proteins and a 
gas, in combination witii a targeting ligan4 wherein said targeting ligand targets cells or 
receptors selected fiom the groiq) consisting of myocardial cells, endothelial cells, 
epithelial cells, tumor cells and the glycoprotein GPIIbllla receptor. 

25 Another embodunent of the invention relates to a targeted vesicle 

composition comprising vesicles vAich comprise a fluorinated gas, in combination with a 
targeting ligand, vdierein said targeting ligand targets tissues or receptors. 

Still another eihbodiment of tiie invention relates to a formulation for 
therapeutic or diagnostic use comprising, in combination with a bioactive agent, a lipid, 

30 protein or polymer and a gas, in combination with a targeting ligand, wherein said 

targeting ligand targets cells or receptors selected fiom the group consisting of myocardial 
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cells, endotiielial cells, q)itfaelial cells, tumor cells, and the glycoprotein GPIIbllla 
receptor. 

Yet another embodiment of the invention relates to a process for the 
preparation of a targeted composition comprising combining together a lipid, protein or 
S polymer, a gas and a tazgetingUgandyVAietdn said tai]^^ 

receptors selected fiom tfie group consisting of myocardial cells, endothelial cells, 
epithelial cells, tumor cells and the glycoprotein GPIIbina receptor. 

Another embodimoit of the invention relates to a process for the 
preparation of a fonnuliation for diagnostic or therq)eutic use comprising combining 

1 0 together a bioactive agent and a composition wfaidi comprises a lipid, protein or polymer 
and a gas, in combination with a targeting ligand, wherein said targeting Ugand targets 
cells or receptors selected fiom the gro\q> consisting of myocardial cells, endothelial cells, 
epithelial cells, tumor cells and the glycoprotein GPIIbllla receptor. 

Still another embodiment of the invention relates to a targeted composition 

15 which is prepared by combming together a lipid, protein or polymer, a gas and a targeting 
ligand, \y4ierein said targeting ligand targets cells or receptors selected fiom the group 
consisting of myocardial cells, endothelial cells, epithelial cells, tumor cells and the 
glycoprotein GPUbllla receptor. 

Yet another embodiment of die invention relates to a targeted formulation 

20 for diagnostic or therapeutic use prepared by combining together a bioactive ag^t and a 
composition v^ch comprises a lipid, protein or polymer and a gas, in combination with a 
targeting ligand, wherein said targeting ligand targets cells or receptors selected fiom the 
group consisting of myocardial cells, endothelial cells, epithelial cells^ tumor cells and the 
glycoprotein GPHblHa receptor. 

25 Still another embodiment ofthe invention relates to a method for providing 

an image of an internal region of a patient comprising (I) administering to the patient a 
targeted composition vdiich con^)rises a lipid, protein or polymer and a gas, in 
combination with a targeting ligand, herein said targeting ligand targets cells or receptors 
selected fit>m the group consisting of myocardial cells, endothelial cells, epithelial cells, 

30 tumor cells and the glycoprotein GPIIbUIa receptor, and Qi) scanning the patient using 
ultrasound to obtain a visible image of the region. 
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Another embodiment of the invention relates to a method for providing an 
image of an internal region of a patient comprising Q) administering to the patient a 
vesicle composition which comprises, m an aqueous carrier, vesicles comprising a lipid, 
protem or polymer and a gas, in combmadon with a taigeting ligand, wherein said 
5 targeting ligand targets cells or receptors selected fiom the groiq> consisting of myocardial 
cells, endothelial cells, epithelial cells, tumor cells and the glycoprotein GPIIbllla 
receptor; and (ii) scanning the patient usii^ ultrasound to obtam a \isible image of the 
region. 

Yet another embodiment of the inventidn relates to a mediod for diagnosing 

10 the presence of diseased tissue in a patient comprising Q) administering to the patient a 
targeted composition vMch comprises, in an aqueous earner, a lipid, protdn or polymer 
and a gas, in combination with a targeting ligand, wherein said targeting ligand targets 
cells or receptors selected fiom the group consistmg of myocardial cells, endothelial cells, 
epithelial cells, tumor cells and the gjycoprotem GPIIbJIIa receptor; and (ii) scannmg the 

IS patient using ultrasound to obtain a visible image ofany diseased tissue in the patie^^ 
Still anodier embodiment of the invention relates to a metiiod for 
diagnosing tiie presence of diseased tissue in a patient conqirising (I) administering to the 
patient a vesicle composition which comprises, in an aqueous carrier, vesicles comprising 
a lipid, protein or polymer and a gas, in combination witii a taigeting ligand, vdierein said 

20 targeting ligand taigets cells or receptors selected fiom the group consisting of myocardial 
cells, endothelial cells, epithelial cells, tumor cells, and the glycoprotein GPnbma 
receptor, and 00 scanning the patient using ultrasound to obtain a visible unage of any 
diseased tissue in the pati^ 

Another embodiment of the invention relates to a method for the 

25 tha:iq)eutic deliveiy in vivo of a bioactive agent comprising administering to a patient a 
therapeutically effective amount of a formulation which comprises, in combiiiation witii a 
bioactive agent, a targeted composition comprising a lipid, protdn or polymer and a gas, 
in combination with a targeting ligand, >^erein said targeting ligand targets cells or 
receptors selected fiom die group consisting of myocardial cells, endothelial cells, 

30 epithelial cells, tumor cells and the glycoprotein GPIIbllla receptor. 

In another embodiment of the invention, there is provided a compound 
having the formula 
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A^erein: ^ 

each X, is indeixmdently -O, -S-, -SO-, -SO,-, -NR4-, -X4-C(=X5>, 
-C(«X5).X,-or.C(-X5)s 

each of X2 and X3 is independently a direct bond, -R^-JC^-CC^X,)-, 

.RrX4-C(=X5>RrC(=X5)-X4- or -Rr C(=X5).X4-RrX4-C(=X5>; 

each X4 is independently -0-, -NR4- or -S-; 
each X5 is independently O or S; 

M is -R5-X4-C(=X5K .R,-C(=X5)-X4-, -R5-X4-(YX5)P(-X5)-X4- or 
10 •X4-(YX5)P(=X,)-X4-Rr; 

Y is hydiogtt or a phaimaceutically accqitable counter ion; 
Z is a hydiophilic polymer; 
Q is a taigeting ligand or a precursor thereto; 
each R| is independently all^ of 1 to about SO carbon;; 
each R2 is mdependently alk]^^ of 1 to about 30 carbons; 
eadi of R3 and R4 is independently hydrogen or alkyl of 1 to about 



15 



10 carbons; and 
aui)ons. 



20 



each R5 is independently a direct bond or alk}dene of 1 to about 30 
Still anotfaqr embodiment of die invention relates to a compound having the 



foiinula 
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L-P-T 
vdierein: 

L is a lipid, protein or polymei^ 

P is a hydrophilic polymer, and 

T is a tar^ting ligand 
These and other aspects of the invention will become more apparent fiom 
the following detailed description. 
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Detailed Description of the Invention 

As employed above and throughout the disclosure, the following t^ms, 
unless otherwise indicated, shall be understood to have the following meamngs. 

"Lipid" refers to a synthetic or naturally-occurring compound which is 
5 generally amphipatfiic and biocon^ble. The lipids typically comprise a hydrophil^f ^ 
component and a hydrophobic component Exemplary lipids include, for example, fatty 
acids, neutral fets, phosphatides, glycolipids, suifiace-activc agents (surfactants), aliphatic 
alcohols, waxes, teipenes and steroids. 

"Lipid compositidn" refers to a composition which comprises a lipid 
10 compound, typically in an aqueous medium. Exemplary lipid conq)ositions include 
suspmsions, emulsions and vesicle compositions. 

"Lipid formulation" refers to a lipid composition v/bich also comprises a 
bioactive agent 

"Vetncle** refers to a spherical entity which is generally characterized by 

15 the presence of one or more walls or membranes which iForm one or more internal 
voids- Vesicles may be formulated, for example, fironi lipids, includmg the various 
lipids described herein, proteinaceous materials, or polymeric materials, including 
natural, synthetic and semi-synflietic polymers. Preferred vesicles are Aose M*ich 
comprise walls or membranes formulated &om lipids. In these prefmed vesicles, the 

20 lipids may be in ti^ form of a monolayer or bilayer, and the mono- or bilayer lipids 
may be used to form one or more moflo- or bilayers. In the case of more than one 
mono* or bilayer, flie mono- or bilayers may be concentric. Lipids may be used to 
form a unilamellar vesicle (comprised of one monolayer or bilayer), an oligolamellar 
vesicle (comprised of about two or about three monolayers or bilayers) or a 

25 multilamellar vesicle (comprised of more than about three monolayers or bilayers). 
Similarly, the veades prepared fiom protems or polymers may comprise one or more 
concentric walls or membranes. The walls or membranes of vesicles prepared from 
pix)teins or polymers may be substantially solid (uniform), or they may be porous or 
semi-pourous. The vesicles described herein include such entities commonly referred to 

30 as, for example, liposomes, micelles, bubbles, microbubbles, microspheres, lipid-^ 
polymer- and/or protein-coated bubbles, microbubbles and/or microspheres, 
microballoons, aerogels, clathrate bound vesicles, and the like. The internal void of the 
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vesicles may be filled with a liquid (including, for example, an aqueous liquid), a gas, a 
gaseous precursor, and/or a solid or solute material, including, for example, a targeting 
ligand and/or a bioactive agent, as desired. 

"Liposome** refers to a generally spherical cluster or aggregate of 
5 amphipathic compounds, mcluding lipid compounds, typically in the form of one or 
more concentric layers, for example, bilayers. They may also be referred to herein as 
lipid vesicles. The liposomes may be formulated, for example, from ionic lipids and/or 
non-ionic lipids. Liposomes vAach are formulated from non-ionic lipids may dso be 
referred to as "niosomes." 
10 "Micelle" refers to coUoidal entities formulated from lipids. In certain 

preferred embodiments, die micelles conq)rise a monolayer or hex^onal H2 phase 
configuration. In other preferred embodiments, the micelles niay conlFrise a bilayer 
configuration. 

"Aerogel" refers to generally spherical entities which are characterized by 
IS a plurality of small internal voids. The aerogels may be formulated fcom synthetic 
materials (for example, a foam prepared from baking resorcinol and formaldehyde), as 
. well as natural materials, such as polysaccharides or proteins. 

"Clatfarate" refers to a solid, semi-porous or porous particle which may be 
assodated with vesicles. In preferred form, the clathrates may form a cage-like 
20 structure contairiiiig cavities vliich comprise the vesicles. One or more vesicles may be 
bound to the clatiirate. A stabilizmg niaterial niay, if desired, be associated with tiie 
clathrate to promote the association of the vesicle with the clathrate. Suitable materials 
from which clathrates may be formulated include, for example, porous apatites, such as 
calcium hydroxyapatite, and precipitates of polymers and metal ions, such as alginic 
25 acid precipitated with calcium salts. 

The vesicles of the present invention preferably contain a gas or gaseous 
precursor. "Gas filled vesicle" refers to vesicles in vMoh there is encapsulated a gas. 
"Gaseous precursor filled vesicle" refers to vesicles in which there is encapsulated a 
gaseous precursor. The vesicles may be minimally, partially or substantially completely 
30 filled witii the gas and/or gaseous precursor. In certain preferred embodiments, the 

vesicles may be substantially or cony)letely filled with the gas and/or gaseous precursor. 
The term "substantially", as used in reference to the gas and/or gaseous precursor filled 
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vesicles, means that greater than about 50% of the internal void volume of the vesicle 
consists of a gas. Preferably, greater than about 60% of the internal void of the 
substantially jSlled vesicles consists of a gas, with greater than about 70% being more 
preferred. Even more preferably, greater than about 80% of the internal void of the 
5 substantially filled vesicles consists of a gas, with greater than about 90% being still 
more preferred In particularly preferred embodiments, greater than about 95% of the 
mtemal void of the vesicles consists of a gas, with about 100% being especially 
preferred Although not considered a preferred embodunent of the present invention, 
the vesicles may also contain, if desired, no or substantially no gas or gaseous 
10 precursor. 

'*Vesicle composition** refers to a composition, typically in an aqueous 
medium, which comprises vesicles. 

''Vesicle formulation" refi^ to a vesicle composition vAdch also 
comprises a bioactive agent Suitable vesicles or vesicle species for use in vedcle 
15 formulations include, for example, gas filled vesicles and gaseous precursor filled 
vesicles. 

"Emulsion" refers to a lipoidal mixture of two or more liquids and is 
generally in the form of a colloid. The lipids may be heterogeneously dispersed 
throughout the emulsion. Alternatively, the lipids may be aggregated in the form of, 
20 for example, clusters or layers, including mono- or bilayers. 

"Suspension" refers to a mixture of finely divided liquid or solid particles 
floating in a liquid ^ch can remam stable for extended periods of time. 

"Hexagonal H 11 phase structure" refers to a generally tubular aggregation 
of lipids in liquid media, for example, aqueous media, in vMch the hydrophilic 
25 portion(5) of tfie lipids generally fece inwardly in association with a liquid environment 
inside the tube. The hydrojdiobic portion(s) of the lipids generally radiate outwardly 
and the complex assumes the shape of a hexagonal tube. A plurality of tubes is 
generally packed together in the hexagonal phase structure. 

"Patient" refers to animals, including mammals, preferably himians. 
30 The phrases "internal region of a patient" and "region of interest" refer to 

tiie entu-e patient or to a particular area or portion of the patient. Internal regions of a 
patient and regions of interest may include, for example, areas being imaged with 



wo 96/40285 -14- PCT/US96ya9>938 , 

diagnostic imaging and/or oicas being treated with a bioactive agent. Exemplary of 
such areas include, for example, the heart region, including myocardial tissue, as well as 
other bodily tissues, including the vasculature and circulatory system and cancerous 
tissue. The phrase ''vasculature," as used herem, denotes the blood vessels in the body 
5 or in an organ or part of the body. 

"Bioactive agent" refers to a substance which may be used in connection 
with an application that is therapeutic or diagnostic in nature, such as in methods for 
diagnosing the presence or absence of a disease in a patient and/or in methods for the 
treatment of disease in a patient As used herein, "bioactive agent" refers also to 
10 substances \^ch are capable of exerting a biological effect in vitro and/or in vivo. The 
bioactive agents may be neutral or positively or negatively charged. Examples of 
suitable bioactive agents include diagnostic agents, pharmaceuticals, drugs, synthetic 
organic molecules, proteins, peptides, vitamins, steroids and genetic material, including 
nucleosides, nucleotides and polynucleotides. 
15 "Diagnostic agent" refers to any agent ^ch may be used in connection 

with methods for imaging an internal region of a patient and/or diagi^n^ing the presence 
or absence of a disease in a patient Exemplary diagnostic agents include, for example, 
contrast agents for use in connection with ultrasound, magnetic resonance itn^gjifg or 
computed tomogr^hy of a patient including, for example, the lipid and/or vesicle 
20 compositions described herein. 

"Polymer", as used herbin, refers to molecules formed from tiie diemical 
union of two or more rqieating units. Accordingly, included within tiie term "polymer" 
may be, for escample, dimers, trimm and oligomers. The polymer may be syntiietic, 
naturally-occurring or semisynthetic. In preferred form, the term "polymer" refers to 
25 molecules which comprise 10 or more repeating units. 

"Thickening agent" refers to any of a variety of generally hydrophilic 
materials which, when incorporated m the lipid and/or vedcle compositions described 
herein, may act as viscosity modifying agents, emulsifying and/or solubilizing agents, 
suspending agents, and tonicity raising agents. It is contemplated that the thickening 
30 agents may be capable of aiding in maintaining the stability of the compositions due to 
such properties. 
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"Dispersing agent" refers to a surface-active agent which, when added to 
a suspending medium of colloidal particles, includmg, for example, certain of the lipid 
and/or vesicle coix^sitions described herein, may promote uniform separation of 
particles. In certain preferred embodiments, the dispersing agent may comprise a 
5 polymeric siloxane compound 

"Genetic material" refers generally to nucleotides and polynucleotides, 
mcluding deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). The genetic 
material may be made by synthetic chemical inettiodplogy known to one of ordmary 
skill in the art, or by the use of recombinant technology, or by a combination of the 
10 two. The DNA and RNA may optionally comprise unnatural nucleotides and may be 
single or double stranded, "Genetic material** refers also to sense and anti-sense DNA 
and RNA, that is, a nucleotide sequence vMch is complementary to a specific sequence 
of nucleotides in DNA and/or RNA. 

"Pharmaceutical" or "drug" refers to any therapeutic or prophylactic agent 
IS which may be used in tfie treatment (mcluding the prevention, diagnosis, alleviation, or 
cure) of a malady, afiOicdon, disease or injixry in a patient Therapeutically useful 
peptides, polypeptides and polynucleotides may be mcluded witfam die rrieaning of the 
term pharmaceutical or drug. 

"Stabilizing material" refers to a substance which is biocompatible and 
20 which is capable of promoting die formation of vesicles in a lipid compositiorL As used 
herein, "stabilizmg miaterial" refers also to a substance which is biocompatible and which 
is oqiable of improving the stability of a vesicle. In certain preferred embodunents^ the 
stabili^g material comprises a polymer. "Polymer", as used herem, refers to molecules 
formed from the chemical union of two or more repeating units. Accordingly, included 
25 witfaiii the term "polymer" are, for example, dimers, triiners and oligomers, hi certain 
other preferred embodiments, the stabili2diig inaterial comprises a non-polymeric nm 
including, for example, monomeric molecules. Encompassed also in the definition of 
"stabilizing material" are certain of the present bioactive agents. The stabilizmg material 
may be neutral or positively or negatively charged. Preferred among the neutral 
30 stabilizing materials are polar materials. In the case of preferred embodiments involving 
lipids, the stabilizing materials may be associated covalently and/or non^valently with 
the lipid compounds. 
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-Vesicle stability" refers to the ability of gas-filled vesicles to retain the gas 
entrapped therein after being exposed, for about one minute, to a pressure of about 300 
mm Hg. Vesicle stability is measured in percent (%), this being the fi:action of the amount 
of gas which is originaUy entrapped in the vesicle and which is retained after release of the 
5 pressure. Vesicle stability includes reference also to Vesicle resiUence" which refers to 
the ability of a vesicle to return to its original size after release of the pressure. 

"Covalent association" refers to an intermolecular association or bond 
which involves the sharing of electrons in the bonding orfoitals of two atoms. 

"Non-covalent association" refas to intermolecular interaction among two 
1 0 or more separate molecules which does not involve a covalent bond Intermolecular 
interaction is dependent upon a variety effectors, includmg, for example, the polarity of 
the mvolved molecules, the charge (positive or negative), if any, of the involved 
molecules, and ttie like. Non-covalent associations are prefwably selected fiom the group 
consistmg of ionic interaction,.dipoIe-dipole interaction and van der Waal's forces and 
IS coinbmations thereof 

"Ionic interaction" or "electrostatic interaction" refers to intermolecular 
interaction among two or more molecules, each of which is positively or ne^tively 
charged Thus, for example, "ionic interaction" or "electrostatic interaction" refers to the 
attraction between a first, positively charged molecule and a second, negatively charged 
20 molecule. Exemplary ionic or electrostatic interactions include, for example, the attraction 
between a negatively diarged stabilisdng material, for example, genetic material, and a 
positively charged lipid, for example, a cationic lipid, such as laurjitrimethylainmonium 
bromide. 

"Dipole«dipole interactiori" refers generally to the attraction vMch can 
25 occur among two or more polar molecules. Thus, "dipole-dipole interaction" refers to the 
attraction of the uncharged, partial positive end of a first polar molecule, commonly 
designated as 6\ to the uncharged, partial negative end of a second polar molecule, 
commonly designated as 6'. Dipole^pole interactions are exemplified, for example, by 
the attraction between the electropositive head group, for example, the choline head group, 
30 of phosphatidylcholine and an electronegative atom, for example, a heteroatom, such as 
oxygen, nitrogen or sulphur, which is present in a stabilizing material, such as a 
polysaccharide. "Dipole-dipole interaction" refers also to intermolecular hydrogen 
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bonding in which a hydrogen atom serves as a bridge between electronegative atoms on 
separate molecules and in \\*ich a hydrogen atom is held to a first molecule by a covalent 
bond and to a second molecule by electrostatic forces. 

" Van der Waal's forces" refers to the attractive forces between non-polar 
5 molecules that are accounted for by quantum mechanics. Van der Waal's fortes ate 
generally associated with momentary dipole moments v^ch arc induced by nei^boring 
molecules and Mdiich involve changes in electron distribution. 

Hydrogen bond" refers to an attractive force, or bridge, vAdch may occur 
between a hydrogen atom which is bonded cdvalently to an electronegative atom, for 
10 example, oxygen, sdfur,mtrogen, and the Hke, and another electronegat^^ The 
hydrogen bond may occur between a hydrogen atom in a first molecule and an 
electronegative atom in a second molecule Ontcrmolecular hydrogen bonding). Also, the 
hydrogen bond may occur between a hydrogen atom and an electronegative atom which 
are both contained in a smgle molecule Ontramolecular hydrogen bonding). 
15 "Hydrophflic interaction" refers to molecules or portions df molecules 

which may substantially bind with, absorb and/or dissolve in water. This may result in 
Celling and/or the formation of reversible gels. 

"Hydrophobic interaction" refers to molecules or portions of molecules 
^ch do not substantially bind with, absorb and/or dissolve in water. 
20 "Bioconqmtible" refos to matmals ^ch are generally not injurious to 

biolo^cal functions and ^cfa Mdll not result in any degree of unacceptable toxicity, 
including allergenic responses and disease states. 

"bi combination with" refers, in certsun embodiments, to the iricorporation 
of a targetmg ligand in a oompositioti of the present invention, including lipid 

25 compositions and vesicle compositions. "In combination with" may refer also to the 
incorporation of a bioactive agent in a composition of the present invention, including 
lipid compositions and vesicle compositions. The bioactive agent and/or targeting ligand 
can be combined with the present compositions in any of a variety of ways. For example, 
in the case of lipid compositions, the bioactive agent and/or targeting ligand may be 

30 associated covalently and/or non-covalentiy with the lipid compounds or optional 
stabilisdng materials, hi the case of vesicle compositions, the bioactive agent and/or 
targeting ligand may be entrapped within the internal void of the vesicle. The bioactive 
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agent and/or targeting ligand may also be integrated within the layer(s) or wail(s) of the 
vesicle, for example, by being interspersed among lipids v*ich are contained within the 
vesicle layer(s) or wall(s). In addition, it is contemplated that the bioactive agent and/or 
targeting ligand may be located on the sur&ce of a vesicle. In any case, the bioactive 
5 agent and/or targetmg ligand may mteract chemically with the walls of the vesicles, 
including, for example, the umer and/or outer sui&ces of the vesicle and may remain 
substantially adhered ther^o. Such interaction tozy take the fonn of, for example, 
covalent association or non-covalent association. In certain embodiments, the interaction 
mir^ result in the stabilization of die vesicle. 
10 "Targetmg ligand" refers to any material or substance wfaidi may promote 

tatgetii^ of tissues and/or recqitors in vivo wifli the con^)osItions of the present invention, 
the targeting ligand may be synthetic, semi-synthetic, or naturally-occurring. Materials or 
substances vMch may serve as targetmg ligands include, for example, protems, including 
antibodies, glycoproteiris and lectiris, peptides, polypeptides, saccharides, including mono- 
IS and polysaccharides, vitamms, steroids^ steroid analogs, honnones, cofactors, bioactive 
ag^ts, and genetic material, mcludmg nucleosides, nucleotides and polynucleotides. 

A ''precursor^ to a targeting ligand reifers to any material or substance 
\^ch may be converted to a tar]g^tii% ligand. Such conversion may involve, for example, 
anchoring a precursor to a targetmg ligand. Exemplary tazgeting precursor moieties 
20 include maleimide groups, disulfide groups, such as ortho-i^dyl disulfide, vinylsulfone 
groups, azide groups, and a-iodo aceQrl gn>iq>s. 

"Peptide" refers to a nitrogenous compound ^^ch may contain fix>m about 
2 to about 100 amino add residues, 

"Protein" refers to a nitrogenous compound which may contain more fiian 
25 about 1 00 amino acid residues. 

"Ck)at" or "coating** refers to the interaction of the stabiliring material with 
the lipid and/or vesicles and may involve covalent and/or non-covalent association. 

"Tissue" refers generally to specialized cells whidi may perform a 
particular fimctioiL It should be understood that the term "tissue," as used herem, may 
30 refer to an individual cell or a plurality or aggregate of cells, for example, membranes or 
organs. The term "tissue" also includes reference to an abnormal cell or a plurality of 
abnormal cells. Exemplary tissues include, for example, myocardial tissue (also referred 
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to as heart tissue or myocardium), iacluding myocardial cells and cardiomyocites, 
membranous tissues, including endothelium and epithelium, laminae, connective tissue, 
including interstitial tissue, and tumors. 

"Receptor" refers to a molecular structure within a cell or on the sur&ce of 
5 tiie ceil which is generaUy characterized by the selective binding of a specific substance^ 
Bcemplary receptors mcludc, for example, cell-surfece receptors for peptide hormones, 
neurotransmitters, antigens, complement fiagments, and immunoglobulins and 
cytoplasmic receptors for steroid hormones. An exemplary receptor vdthin the context of 
the present invention is the glycoprotem GPHbllla, v^ch is a platelet .integrin. 

10 "Endothelial cells" or "endothelium" refers to an aggregate of cells and/or 

tissue which may be normal and/or diseased and vliich may comprise a single layer of 
flattoied traiisparent endothelial cells that may be joined edge to edge or in an ov^apping 
fiishion to form a membrane. Endothelial cells are found on the fiee sur&ces of the serous 
membranes, as part of the lining membrane of the heart, blood vessels, and lymphatics, on 

IS the surfice of the brain and spinal cord, and in the antmor chamber of tiie eye. 

Endothelium originates fiom tiie embryonic mesoblast and includes heart tissue, including 
in&rcted heart tissue, cardiovasculature, the peripheral vasculature, such as arteries, veins, 
and capillaries (the location of v^ch is noted as peripheral to tiie heart), blood clots and 
the region sinrounding atherosclerotic plaque. 

20 "Epitiielial cells" or "q>ithelium" refers to an aggregate of cells and/or 

tissue v^ch niiay be normal and/or diseased and ^lich may con^mse one or more layers 
of cells that may be united toother by an mterstitial cementitious substance supported on 
a basement-membrane. Epithelium may be classified into various classes, mcluding, for 
example, a single layer of cells (simple epittielium); more than a single layer of cells 

25 (stratified epithelium); and about tiiree or four layers of celk tiiat are fitted togetiier 
substantially witiiout the appearance of stratification. The different forms of simple 
epithelium are usually refmed to as squamous, pavement, colunuiar, glandular, spheroidal 
and/or ciliated Epithelium originates fiom the oinbryonic epiblast or hypoblast 
l^ithelium includes heart tissue, including in&rcted heait tissue, cardiovasculature, the 

30 peripheral vasculature, such as arteries, veins, and capillmes, blood clots and the region 
sunoimding atherosclerotic plaque. 
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"Myocardial" refers generally to heart tissue, including cardiomyocite, 
myocardial, endocardial and epicardial cells. The term "myocardial" includes reference to 
infarcted heart tissue, the cardiovasculature, the peripheral vasculature, sudi as arteries, 
veins, and cs^illaries (the location of vdiich is noted as peripheral to the heart), blood 
S clots, thrombi, and the region surrounding athmsclerotic plaque. 

"Tumor cells" or "tumor" refers to an aggre^e of abnormal cells and/or 
tissue vdiich may be associated with diseased states tfiat are charactmzed by uncontrolled 
cell proliferation. Tlie disease states may involve a variety of cell types, including, for 
example, endoflielial, epithelial and myocardial cells* Included among the disease states 

10 are neoplasms, cancer, leukemia and restenosis injuries. 

**Alkyr refers to linear, branched or cyclic hydrocarbon groups. 
Prefembly, the all^l is a linear or branched hydrocarbon group, more preferably a linear 
hydrocarbon group. Qcemplaiy linear and branched alkyl groups include, for exairiple, 
methyl, ethjd, n-prop^ i-propyl, n4>utyl, t-butyl, n-p^tyi» hsxyi^ heplyl, octjd, non^, and 

IS decyl groups. Exemplary cycUc hydrocarbon grdi^ (that is, cycloalI^lgn>ups^ 
for example, cyclopenlyl, q^lohe?^ and ^loheptyl groups. 

^Alken^'* refers to an alkyl group containiiig at least one carbon-carbon 
double bond. Exemplary alkenyl groups include, for example, vinyl, allyl, butenyl, 
pentenyl, decenyl and dodecenyl groups. 

20 "Alkoxy" refers to an aIkyl-0- group vAiere alkyl is as previously 

described. Exemplary aUcoxy groups include, for example, methoxy, ethoxy, propoxy, 
butoxy and heptoxy. 

The preset invention is directed, in part, to lipid and/or vesicle 
compositions. Embodiments are provided vMch comprise a lipid con^)ositions 

25 comprising a lipid, a targeting ligand ^ch may target tissues, cells and/or receptors in 
vivo and v/bich may be attached to the lipid via a linking group, and a gas or gaseous 
precursor. Embodiments are also provided herein wliich conqirise vesicle compositions 
comprising, in an aqueous carrier, vesicles comprising lipids, proteins or polymers, a 
targeting ligand v^ch may target tissues, cells and/or receptors in vivo, and a gas or 

30 gaseous precursor. In these latter embodiments, die targeting ligand may be attached to 
the vesicles, including the lipids, proteins or polymers from which the vesicles are 
formulated, via a linking groiq). In connection with lipid compositions, and especially 
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lipid compositions in the form of vesicle compositions, it may be advantageous to prepare 
the lipid compositions at a temperature below the gel to liquid ciystalline phase transition 
temperature of the involved lipids. This phase transition temperature is the temperature at 
vMch a lipid bilayer will convert ftom a gel state to a liquid ciystalline state. See, for 
5 example, Chapman et al., J. Biol Chem 1974 249, 25 12-2521. 

It is generally believed that vesicles which are prepared fidm lipids that 
possess higb^ gel state to liquid ciystalline stale phase transition temperatures tend to 
have enhanced impenneability at any given temperature. See Derek Marsh, CRC 
Handbook of Lipid Bilqyers (CRC Press, Boca Raton, FL 1990), at p. 139 for main chain 
10 melting transitions of saturated dia(7l«sn-glycen>-3-phosphocholines. The gel state to 
liquid crystalline state phase tranisition temperatures of various lipids will be readily 
apparent to those skilled in the art and are described, for example, in Gregoriadis, ed.. 
Liposome Technology^ Vol. 1, 1-18 (CRC Press, 1984), The followiiig table lists some of 
the rq)resentati ve lipids and their phase transition tCTiperatuies. 

15 TABLE 1 



Saturated DiacyKsn-GlycenHS-Phosphocholines: 
Main Chain Melting Transition Temperatures 



Number of Caibons in A(^l 
Chains 


Main Phase 
Transition 
Temperature (" C) 


U-(12:0) 


-1.0 


1^-(13:0) 


13.7 


U-(14:0) 


23J 


U-(15:0) 


34.5 




41.4 


i;j-(17:0) 


48.2 
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J5 TABLEl 

SataratedDiaqrl-^a<<Siycei^3-Php8phochoUnes: 
Main Chain Melting Transition Temperatures 



Number of Caibons in Acjd 
Chains 


Main Phase 
Transition 

i cmpcranirc ( 


1^-(18:0) 


55.1 


1^-(19.D) 


61.8 


l,2-(20:q) 


64.5 


1,2-(21:0) 


71.1 


l,2-(22:0) 


74.0 


1,2^23:0) 


79.5 


1,2-(24K)) 


80.1 



Sec, for example, Derek Marsh, CRC Handbook of Lipid Bilayers, p. 139 (CRC Press, 
Boca Raton, FL 1990), 

*0 ft may be possible to enhance the stability of vesicles by incoiporating in 

flie present lipid and/or vesicle compbsitidns at least a minor amount, for example, about 1 
to about 10 mole percent, based on flie total amount of lipid employed, of a negatively 
chaigcd lipid. Suitable negatively charged lipids include, for example, phosphati(fylserine, 
phosphatidic add, aiod j&tty acids. Without intending to be bound by any theoiy or 

15 theories of operation, it is contemplated tfiat such negatively charged lipids provide added 
stability by counteracting the tendency of vesicles to rupture by fusing together. Thus, the 
negatively charged lipids may act to establish a uniform negatively charged layer on the 
outer surface of the vesicle, >^ch will be repulsed by a similarly charged outer layer on 
other vesicles v^ch are proximate thereto. In this way, the vesicles may be less prone to 

20 come into touching proximity with each other, which may lead to a rupture of the 
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meniteane or skin of the respective vesicles and consolidation of the contacting vesicles 
into a single, larger vesicle. A continuation of this process of consolidation will, of 
course, lead to significant degradation of the vesicles. 

The lipid materials used, especially in connection with vesicle 
5 compositions, arc also preferably flexible. This means, m the context of the present 
invention, that the vesicles can alter then* shape, for example, to pass through ah opening 
having a diameter that is smaller than the diameter of tfie vesicle. 

A wide variety of lipids are believed to be suitable for incoq)oration in the 
lipid compositions. VTith particular reference to vesicle compositions, for example, 
10 micelles and/or liposomes, any of the materials or combinations thereof which are known 
to those skilled in the art as suitable for their preparation nuqr be used. The lipids used 
may be of either natural, synthetic or semi-synthetic origjn. As noted above, suitable 
lipids generally include, for example, &t(y acids, neutral fets, phosphatides, glycolipids, 
aliphatic alcohols and waxes, texpenes and stax)ids. 

15 ExemplaiyUpidswfaidi nuiy be used to prepare the present Up^ 

compositions included, for example, &tty acids, lysolipids, phosphodiolines, such as those 
associated wifli platelet activation fectors (PAF) (Avanti Polar Lipids, Alabaster, AL), 
including l-alkyI-2-acetoyl-sn-glycero 3-phosphochoUnes, and l^alkyl-2-hydroxy-sn- 
glyceio 3-phosphocholines, which target blood clots; pho^hatidyicholine with both 

20 saturated and unsaturated lipids, including dioleoylphosphatidyldK>line; 

dimyristojiphosphatidylchoiine; dipeotadecanoylpho^hatidjlcholine; dilauroyl* 
phosphati(fylchoIine; dipahQttoylphoq>hati<fylcholine PPPC); distearoylphosphatidyl- 
choline PSPQ; and diaiacbidony^hosphatidylcholine (DAPC); phosphatidyletiianol- 
{munes, such as dioleo^hosphatidyletiianolamin^ dipal^ 

25 amine (DPP^ and distearojdphosphatidylethanolamine (DSPE); phosphatidylserine; 
phosphatidylglycerols, includmg distearo^phosphati^glycexol (DSPG); 
phosphatictylinositol; ^hingolipids such as sphingomyelin; glycolipids such as 
ganglioside GMl and GMZ; glucolipids; sul&tides; glycosphingolipids; phosphatidic 
adds, such as dipahnitoylphosphatidic acid (DPPA) and distearojdphosphatidic acid 

30 (DSPA); palmitic acid; stearic acid; arachidonic acid; oleic acid; lipids bearing polymers, 
such as chitin, hyaluronic acid, polyvinylpyrrolidone or polyethylene glycol (PEG), also 
referred to herein as "pegylated lipids", with preferred lipids bearing polymers including 
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DPPB-PEG (DPPB-PEG), which refers to the Kpid DPPE having a PEG polymer attached 
tfieceto, includmg, for example, DPPB-PEG5000, wMch refers to DPPE havmg attached 
thereto a PEG polymer having a mean aveiagc molecular weight of about 5000; lipids 
bearing sulfonated mono-, di-, oligo- or polysaccharides; cholesterol, cholesterol sul&te 
5 and cholesterol hemisuccinate; tocopherol hemisuccinate; lipids with ether and ester- 
linked fatty acids; polymerized lipids (a wide variety of i;sdiich are well knovm in the art); 
diacefyl phosphate; dicetyl phosphate; stearylamine; cardiolipin; phospholipids with short 
cham fatty acids of about 6 to about 8 caibons in length; synthetic phospholipids with 
asymmetric acyl chains, such as, for example, one acyl chain of about 6 carbons and 

10 another acyl chain of about 12 carbons; ceramides; non-ioxuc liposomes including 
niosomes such as polyojgrethylene fetty acid esters, polyoxyethylene fatty alcohols, 
polyoxyethylene fetty alcohol ethers, polyoxycthylated sorbitan fetty acid esters, glycool 
polyethylene glycol oxystearate, glycerol polyethylene glycol ricinoleale, ethoxylated 
soybean sterols, ethoxylated castor oil, pplyoxyelhylene-polyo>Qpx)pylCTe polymers, and 

IS polyoiQ^ylene fatty add stearates; sterol aliphatic acid esters including diolesterol 
sul&te, cholesterol butyrate, diolesterol iso-butyrate, cholesterol palmitate, cholesterol 
stearate, lanosterol acetate, eigosterol palmitale, and pfaytpsterol n-butyrate; sterol esters 
of sugar acids induding cholesterol glucuronide, lanosterol glucuronide, 7- 
dehydrocholesterol glucuronide, ergosterol glucuronide, chol^terol gluconate, lanosterol 

20 gluconate, and ergosterol gluconate; esters of sugar adds and alcohols including laur^ 
glucuronide, stearoyl glucuronide, myristpyl glucuronide, laur^ gluconate, myristoyl 
^neonate, and stearo^ gluconate; esters of sugars and aliphatic acids including sucrose 
laurate, fructose laurate, sucrose palmitate, suoose stearate, glucuronic add, gluconic add 
aiid polyuronic add; sqx>nins induding sarsasapo^nin, smilag^iin, hederagenin, 

25 oleanolic acid, and digitoxigenin; glycm>l itilauiate, glycerol tiilaurate, glycerol 
dipalnutate, glycerol and glycerol esters induding glycerol tripalmitate, glycerol 
distearate, glycerol tristearate, glycerol dimyristate, glycerol trimyristate; long chain 
alcohols including n-decyl alcohol, lamyi alcohol, myristyl alcohol, cetyl alcohol, and n- 
octadecyl alcohol; 6-(5-cholestai-3P-yloxy>'l-thio-P-D-galactopyranoside; 

30 digalactoqrldiglyceride; 6-<5-cholesten-3|^yloxy)hex)1-6-aniino-6-deoxy-l -thio-P-D- 
galactopyranoside; 6-<5-cholesten-3p-yloxy)hexyl-6-amino-6-deoxyI- 1 -thio-cc-D- 
mannopyranoside; 12-(((7-diethylarninocoumarin-3-yl)carbonyl)methylaiiiino)- 
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octadecanoic acid; N-[I2<((7-<iiethylanimocoumarin-3-yl)cari>onyl)methyIarnin 
octadecanoyi]-2-ammopalniitic acid; cholesteryl)4'-trimethyIanimonio)butanoate; N- 
succin3ddioleo)iphosphatid3dethanoI-amine; U-dioleoyl-sn-glyceioI; U-dipalmitoyl-sn- 
3-succinylglycerol; U-dipalinitoyl-2-succinylgIycerol; l-hexadecyl-2-paliiiitoylgIyceto. 
5 pho^hoethairolaininc and palmitoylhomocysteine, and/or combinations thereof 

If desired, a cationic lipid may be used, such as, for example, N-[l-(2,3. 
dioleoyIoxy)propyl>N^,N-trimethylammonium chloride (DOTMA), l,2-dioleoyloxy-3- 
(trimethylammomo)propane (DOTAP); and l,2-dioleoy!-3-(4'-triniethyIanunonio)- 
butanoyl-sn-glycerol (DOTB). If a cationic Upid is employed in the Upid compositions. 
10 the molar ratio of cationic l^)id to non-cationic lipid may be, for example, from about 
1;1000 to about 1:100. Preferably, the molar ratio ofcationic Upid to non-cationic Kpid 
may be fiom about 1:2 to about 1:10, with aratio of fiom about 1:1 to about 12.5 being 
prefeiied. Even more prefoably, the molar ratio ofcationic lipid to non^^tionic lipid may 
be about 1:1. 

In the case of lipid compositions vMch contain both cationic and non- 
cationic li^ds, a wide variety of lipids may be enqdoyed as fbe non-cationic lipid: 
Prefoably, this non-cationic liind cominises one or more of DPPC, EH»PE and 
dioleoylphosphatidylelhanolamine. hi lieu of tfie cationic lipids listed above, lipids 
beating cationic polymers, such as poljiiysine or polyatginine, as well as alkyl 

20 phosphonates, alkyl pho^hinates, and allgd phosphites, may also be used in the lipid 
compositions 

In certain preferred embodiments of the jnesent invention, the Iqiid 
compositions msQr con^trise one or more cationic lipids having the Mowing fimnula 

(R«-Y3)z 

Yf-(Rr-Xi),(- IV-[Vr-l^y— (Xf- Ri),r-Yi 

(0 



wfaerdn: 

25 



each of X, y and z is independently an mteger fiom 0 to about 100; 
each X, is independent^ -0-, -S-, -NR,-, -C(=5Q-, 
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-C(=X2>N(R,K -N(R,>C(=X^, -CC-X^., O^=0i^ or -X,KR5X2)P(=X^Xr ; 
each Xj is indq>endcntly 0 or S; 

each Y, is independently a phosphate residue, N(R<i).., S(R^,., 
PCR<)«- or -COjR^, wherein a is an integer fix)m 1 to 3; 

5 each Yj is independently -N(Ra,^-S(R^- or .P(R^^ 

an integer fiom 0 to 2; 

each Y3 is mdependratly a pho^hate residue, N(R^.-, S(R^,-, 
P(R^,- or -COjR^, v^rein a is an bteger fiom 1 to 3 ; 

each of R„ Rj, R3 and R4 is independently aUcylene of 1 to about 20 



10 eatbons; 
carbons; and 



each R5 is indq}endently l^drogen or alkyl of 1 to about 1 0 



each is indqjcndently -fRrXJ^-Rg or -R9-[X4-R,ald-Qt wherem: 
each of c and d is independently an integer fiom 0 to about 100; 
^5 each Q is independently a phosphate residue, -N(R,,)q,.S(R,,)q, 

-P(Rii)q or -COjRe, wherein q is an integer fix)m 1 to 3; 

each of X3 and X< is independently -0-, -S-, -NR^-, -C(=X2>, 

each R, is independently a%Iene of 1 to about 20 eatbons; 
20 each R, is independently hydrogen or alkyl of I to about 60 



carbon^ 
carbons; and 



each of R9 and Rjq is independently alkylene of 1 to about 20 



each R„ is mdependently .[RrXaVRg or •R^.pC4-Rio]rW, ^ 
25 each W is independently a phosphate residue, -N(R,2)^ -S(R,2)^ - 

P(R,2)^or -COjR^, wherein w is an integer fi:Dm 1 to 3; and 

R,2 is -[RrXjlc-Rfi, with the proviso that the compound of formula 
(I) comprises at least one, and preferably at least two, quaternary salts. 

Another cationic lipid compoimd which mdy be incorporated in the 
30 compositions of die present invention is a compound of the fonnula 
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YrRrYi 

(II) 

v^erein: 

each Yg is independditty a phoq)hate leddue, N(^ 
f(]R^tr Of -^02^21 herein a is an inte^ fiom 1 to 3 ; 

R, isalk^eneof 1 to abom 60 caibons containing 0 to about 30 -0-» 
5 rS*, 'HRy or -?i^-(R3X2)P(='}Q-X2- heteroatoms or heteioatom groups; 

is a residue of die fonnuk -R4<{(X|-I^)x-Y2]y-R^, vdiei^ 
eadiofx and y is independently an integer from 0 to about 100; 
each Xt is independ»tiy a direct bond, O-, -NRa** 

10 . .X2-(R3X2)P(=Xj)-Xr; 

each X2 is independently O or S; 

each Y2 is independently -SCRj^-, -NCRjX- or -P^jX"* wherein b is 

an integ^ fix)m 0 to 2; 

each Rj is independmtly hydrogen or allcyl of 1 toabout 10 

15 caibons; 

each of R4 and is independently a direct bond or alkjlene of 1 to 
about 30 caibons containing 0 to about 1 S -S-, -NR3- or 
-X2-(R3X2)P(-X2)-X2- heteroatoms or heteroatom groups; and 

eadi R^ is independently hydrogen or alkyl of 1 to about 60 caibons 
20 contauung 0 to about 30 -0-, -S-, -NR3- or -X2-(R3X2)P(=X2)-X2- heteroatoms or 

heteroatom groups; with the proviso that the compound of formula (D) comprises at least 
one, and preferably at least two, quaternary salts. 

In yet another embodiment, tiie present lipid compositions may comprise a 
cadonic lipid compound of the formula 
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Yr-(Rf-Xi),f-f^[Y2-F^jr(Xr-Ri))fyi 

Yr-(Rr-Xi))f-IRrY2l/-«^(XrRi))f-Yi 
(R4-Y3)z 

(III) 

wfaeitin: 

each of X, y and z is independently an integer j5om 0 to about 100; 
each X, is independentiy -0-, -S-, -NR5., -QrX^, -C(=X2>N(R5)-, 

5 each X2 is independently O or S; 

each Y, is independently •<>, -N(R^V, -S(R^j- or -P(R«X-, wherem 
a is an integer fix>m 0 to 2; 

each Yj is independently -N(R^V, -SCR^V or -PG^V, wherein a is 

an integer fiom 0 to 2; 

1 0 each Y3 is independently a phosphate residue, N(R^V» S(R^)b-» 

P(R^-or-C02R^i^erembisanintegerfix)m 1 to 3; 

each of Ri , R2, ^ R4 is independently alky lene of I to about 20 

carbons; 

each R5 is independently hydrogen or alky! of 1 to about 10 

15 carbons; and 

each R« is indqiendently -[R7-X3]c-R« or -R^^pCrRiold-Q* wherein: 

each ofc and d is indepradoitiy an integer fiximO to about 100; 

each Q is indq)endratly a phosphate residue, -N(R|,)q, -^(Ri,)q, 
*Pi^ii)^ or -C02Rtt, wherein q is an integer fix>m 1 to 3; 
20 each of X3 and X4 is mdq)endently -0-, -S-, -NR5-, -C(=X2>, 

^=X2)-N(R5>, .N(R5)-C(=X2>, -CC^XaH)-, ^KXXrX^ or -X2-(R5X2)P(=X2).Xr; 

each R7 is indq>endently all^lene of 1 to about 20 carbons; 
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each R« is independendy hydrogen or aikyl of 1 to about 60 

carbons; 

each of R9 and R,o is indq)endentiy alkylene of 1 to about 20 

carbons; and 

5 each R|, is independendy -[Rt-XjIc-R^ or -R9-[X4-R,olrW, >^erein: 

each W is independently a phosphate residue^ -N(R|2Xv> ^S(R,2)w» - 
PC^isXf *^02Rt2> wherein w is an integer fiom 1 to 3; and 

Ri2 is -[RrXalc-Rs; with tfie proviso that the compound of fonnula 
(m) comprises at least one, and preferably at least two, quatemaiy salts. The cationic 
1 0 lipid compounds which are described g^erically above are set forth in copending U.S. 
application Serial No. 08/391,938, the disclosures of which are hereby incoiporated by 
reference herein, in their entirety. 

In ceitam prefexred embodunents, the lipid compositions comprise 
phospholipids, particularly one or more^ of DPPC, DPPE, DPPA, DSPC, DSPE, DSPG, 
15 kndDAPC(20carix)ns). 

In addition, saturated and unsaturated &tty acids miay be employed in ^ 
present lipid compositions rosy include molecules that prefi^ably contain fiom about 12 
carbons to about 22 caifoons, in liiiear or branched fomu Hydrocarison gioiq)s consisting 
of isoprenoid units and/or ptcnyl groups can be used as well. Examples of saturated &tty 
20 acids that are suitable include, for example, lauric, myristic, pahnitic, and stearic acids. 
Suitable unsaturated fiitty acids that may be used include, for example^ lauroleic, 
physeteric, myristoleic, palnutoldc, petroselinic, and oleic adds. Examples of branched 
fatty acids that may be used include, for example, isolauric, isomyrisdc, isopalmitic, and 
isostearic acids. 

25 In addition to lipid compositions and/or vesicle compositions fonnulated 

from lipids, embodiments of the present invention may also inyolve vedcles formulated 
from proteins or derivatives thereof. Vesicles vduch are formulated from proteins that 
may be used to prepare the targeted vesicles of tiie present invention are described, for 
example, in Femstein, U.S. Patent Nos. 4,572,203, 4,718,433 and 4.774,958, and Cemy 

30 et al., U.S. Patent No. 4,957,656. Other protein-based vesicles, in ad^tion to those 
described in the aforementioned patents, would be apparent to one of ordinary skill m 
the art, once armed vdth the present disclosure. 
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In addition to lipid compositions and/or vesicle compositions formulated 
from lipids and/or proteins, embodiments of the present invention may also involve 
vesicles formulated fiom polymers vMch may be of natural, semi-synthetic (modified 
natural) or synthetic origin. As used herein, the term polymer denotes a compound 
S Comprised of two or more repeating monomeric xmits, and preferably 10 or more 
repeating monomeric units. The phrase semi-synthetic polymer (or modified natural 
polymer), as employed herein, denotes a natural polymer that has hem chemically 
modified in some fashion. Exemplary natural polymers suitable for use in tiie present 
invention include naturally occurring polysacdtarides. Such polysaccharides include, 

10 for example, arabinans, fiuctans, fiicans, galactans, ^lacturonans, glucans, mannanfy^ 
solans (sudi as, for example, inulin), levan, fucoidan, carrageenan, galatocarolose, 
pectic acid, pectins, including amylose, pullulan, glycogen, amylopectin, celluloise, 
dextian, dextrin, dextrose, polydextrose, pustulan, chitin, agarose, keratan, chondroitan, 
dermatan, hyaluronic acid, alginic acid, xanthan guin, .starch and viarious other natural 

I S homopolymc^ or heteropolymers, such as those containing one or more of the following 
aldoses, ketoses, acids or amines: oythrose, threose, ribose, arabinose, ^^lose, lyxose, 
allose, altrose, glucose, mannose, gulose, idose, galactose, talose, erythrulose, ribulose, 
^grlulose, psicose, fructose, sorbose, tagatose, mannitol, sorbitol, lactose, sucrose, 
trehalose, maltose, cellobiose, glydne, serine, ti^reonme, cysteine, tyrosme, asparagine, 

20 glutamine, aspartic acid, glutamic acid, lysine, arginii^, histidine, glucuronic acid, 
gluconic acid, glucaric acid, galacturonic acid, mannuronic acid, jglucosamine, 
galactosamine, and neuraminic acid, and naturally occurring derivatives thereof. 
Accordingly, suitable polymers mclude, for example, proteins, such as albumin. 
Exemplary semi-synthetic polymers include carboxyiiiethylcelluldse, 

25 hydroxymethylcellulose, hydroxypropylmethylcellulose, methylcellulose, and 
methoxycellulose. Exemplary synthetic polymers suitable for use in tiie present 
invention include polyethylenes (such as, for example, polyethylene glycol, 
polyoxyethylene, and polyethylene terephthlate), polyprppylenes (such as, for example, 
polypropylene glycol), polyurethanes (such as, for example, polyvinyl alcohol (PVA), 

30 polyvinyl chloride and polyvinylpyrrolidone), polyamides including nylon, polystyrene, 
polylactic acids, fluorinated hydrocarbons, fluorinated carbons (such as, for example, 
polytetrafluoroethylene), and polymethyhnethacrylate, and derivatives thereof. Preferred 
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are biocompatible synthetic polymers or copolymers prepared fiiom monomers, such as 
acrylic acid, methacrylic acid, ethyleneimme, crotonic acid, acrylamide, ethyl acrylate, 
methyl methacrylate, 2-hydroxyethyl methacrylate (HEMA), lactic acid, glycolic acid, 
€-cq)roIactone, acrolein, cyanoacrylate, bisphenol A, epichlorfaydrin, hydroxyalkyl- . 
5 acrylates, siloxane, dimediylsiloxane, ethylene oxide, ethylaie glycol, hydroxyalkyl- 
mcthacrylates, N-substituted acrylamides, N-substituted methacrylamides, N-vinyl-2- 
pyrrolidone, 2,4-pentadiene-l-ol, vinyl acetate, acryldnitrile, styrene, p-amino*styrene, p- 
amino-ben2yl-styrene, sodium styrene sulfonate, sodium 2-sulfoxyetfaylmetbacrylate, 
vinyl pyridine, aminoethyl metbacrylates, 2-methacryloyloxy-trimetfaylainnionium 

10 chloride, and polyvinylidene, as well polyfunctional crosslinking monomers such as 
N,N'-methylenebisacrylamide, ethylene glycol dimethacrylates, 2,2'*(p*phenylenedio}gr)- 
diethyl dime&acrylate, divinylbenzene, triallylamine and methylenebis-(4*phenyl* 
isocyanate), including combinations tbenot Preferable polymers include polyaoylic 
acid, polyetiiyieneimine, polymethactylic acid, polymethylmethacrylate, poly^oxane, 

IS polydimefliylsiloxane, polylactic acid, poly(e-caprolactone), epoxy resin, poly(ethylene 
oxide), poly(etfaylene glycol), and polyamide (nylon) polymers. Preferable copolymers 
include the follovdng: polyvinylidene-polyacrylonitrile, polyvinylidene-polyacrylonitrile- 
polymethylmettiaoylate, polystyrene-polyacrylonitrile and poly d*I, lactide co-glycolide 
polymers. A preferred copolymer is polyvir^rlidCTe* polyacrylonitrile. Other suitable 

20 biocompatible monomers and polymers will be readily apparent to those skilled in the 
art, once armed with die present disclosure. 

As noted above, the present lipid compo^ons also preferably comprise a 
gas, such as an inert gas. The gas provides the lipid compositions with enhanced 
reflectivity, particulaiiy in connection with vesicle conqx>sitions in ^diich die gas is 

25 strapped within the vesicles. This inaymcrease their effectiveness as contrast agents. 

Preferred gases are gases which are inert and which are biocon^atible, that 
is, gases vAAch are not injurious to biological fimction. Preferred gases include those 
selected from the groiq> consisting of air, noble gases, such as helium, rubidium 
hyperpolarized xenon, hyperpolarized argon, hyperpolarized helium, neon, argon and 

30 xenon, carbon dioxide, nitrogen, fluorine, oxygen, sulfur-based gases, such as sulfur 
hexafluoride and sulfur tetrafluoride, fluorinated gases, including, for example, partially 
fluorinated gases or completely fluorinated gases. Exemplary fluorinated gases include 
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the fluorocaibon gases, such as the perfluorocaibon gases, and mixtures theieofl 
Paramagnetic gases, such as ^^Oj may also be used in the lipid compositions. 

In prefened embodiments, the gas comprises a fluorinated g9s. Such 
fluorinated gases include materials vdiicb contain one, or more than one, fluorine atom. 
5 Preferred are gases viiich contam more than one fluorine atom, ^th perfluorocarbons 
(that is, iiilly fluorinated fluorocari)ons) being more prefened Prefer^fy, the 
perfluorocaibon gas is selected fiom the group consisting of peifluoroinethahe, 
perfiuoroethane, perfluoropropane, peifluorobutane, peifluoropentane, 
perfluorocyclobutane and mixtures diereof. More preferably, the p^uorocaibon gas is 

1 0 perfluoropropane or perfluorobutane, widi perfluoropropane being particulariy prefenied. 
Another prefer^le gas is sulfur hexafluoride. Yet another preferable gas is 
heptafluoropropane, including l,l,l,23>3>3-heptafluon)propane and its isomer, 
l,l,2,23f3>3<-heptafluoropropane. It is contemplated that mixtures of different types of 
gases, such as mixtures of a perfluorocaibon gas and another !lype of gas, such as air, can 

1 5 also be used in the compositions of the present invention. Other gases, including the gases 
exemplified above, would be readily apparent to one skilled in the art based on the present 
disclosure. 

In certain preferred embodimoits, a gas, for example, air or a 
perfluorocarbon gas, is combined with a liqiud perfluorocaibon, such as perfluoropentane, 
20 peifluorohexane, perfluoroheptane, perfluorooctylbromide (PFpB), perfluorodecalin, 
perfiuorododecalin, perfluorooctyliodide, perfluorotripropylamine and 
perfluorotributylamine* 

It ms^ also be desird>le to incorporate in the lipid compositions a precursor 
to a gaseous substance. Such precursors include materials that are capable of being 
25 converted to a gas in vivo. Preferably, the gaseous precursor is biocompatible, and the gas 
produced in vivo is biocompatible also. 

Among the gaseous precursors which are suitable for use in compositions 
described herein are agents which are sensitive to pH. These agents include materials that 
are capable of evolving gas, for example, upon being exposed to a pH that is neutral or 
30 acidic. Examples of such pH sensitive agents include salts of an acid vdiich is selected 
fix)m the groiq) consisting of inorganic acids, organic acids and mixtures thereof 
Carbonic acid (H2CO3) is an example of a suitable inorganic acid, and aminomalonic acid 
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is an example of a suitable oiganic acid. Other acids, including inorganic and organic 
acids, would be readily apparent to one skilled in die art based on the present disclosure. 

Gaseous precursors >vhich are derived form salts are preferably selected 
from the group consisting of alkali metal salts, ammonium salts and mixtures thereof 
5 More preferably, the salt is selected from the group consisting of carbonate, bicarbonate, 
sesquecarbonate, aminomalonate and mbctures thereof 

Examples of suitable gasieous precursor materials >^ch are derived from 
salts include, for example, lithium caibonate, soditim carbonate, potassium carbonate, 
Uthium bicarbonate, sodiimi bicarbonate, potassium bicaxbonate, niag^ 

10 calciimi caibonate, magnesium bicaibonate, ammonium carbonate, ammonium 
bicarbonate, ammonium sesquecaibonate, sodium sesquecaibonate, sodium 
aminomalonate and ammonium ammomalonate, Aminomalonate is well known in the art, 
and its preparation is described, for example, in Thanassi, Biochemistry^ VoL 9, no. 3, pp. 
525-532 (1970); Fitzpatrick et al.. Inorganic Chemistry, VoL 13, no, 3 pp. 568^574 (1974); 

15 and Stefanashok et al., Kqordinatsionnaya Khimiya, Vol 3, no. 4, pp. 524-527 (1977). 
The disclosures of these publications are herein incorporated herein by reference. 

In addition to, or instead o^ being sensitive to changes in pH, the gaseous 
precursor materials may also comprise compounds which are sensitive to changes in 
temperature. Exemplary ofsuitable gaseous precursors vduch are sensitive to chai^ 

20 temperature are the perfluorocarbons. As the artisan will q>preciate, a particular 

perfluorocari)on may exist in ihe liquid state ^en the lipid compositions are first made, 
and are tfius used as a gaseous precursor. Alternatively, the petfluorocarbon may exist in 
the gaseous state when the lipid compodtions are made, and are thus used duectly as a 
gas. Whether the perfluorocarbon is used as a Uquid or a gas generdly depends 

25 liquid/gas phase transition ten^erature, or boiling point For example, a preferred 

perfluorocarbon, perfiuoropenteoie, has a liquid/gas phase transition temperature (boiling 
point) of 29.5^C. Tliis means that perfluoropentane is generally a liquid at room 
temperature (about 25 °C)^ but is converted to a gas within the human body, the normal 
temperature of which is about 37 ^C, which is above the transition temperature of 

30 perfluoropentane. Thus, under normal circumstances, perfluoropentane is a gaseous 
precursor. As a further example, there are the homologs of perfluoropentane, namely 
perfluorobutane and perfluorohexane. The liquid/gas transition of perQuorobutane is 4''C 



wo 96/40285 



-34- 



PCT/US9dA)9938 



and that of perfluorohexane is 57^C T1ius» peifluorobutane can be useful as a gaseous 
piecuxsor, although more likely as a g9s» wiieteas perfluorohexane can be useful as a 
gaseous precursor because of its relatively high boiling point. As known to one of 
ordinaty skill in the art, the effective boiling point of a substance may be related to the 
5 pressure to which that substance is exposed. This relationship is cxen^Ufied by the ideal 
gas law: PV « nRT, where Pis pressure^ Vis volume, n is moles of substance, R is the 
gas constant, and T is tempoature. Tlie ideal gas law indicates that as pressure increases, 
the effective boiling pomt inoeases also. Conversely, as pressure decreases, the effective 
boiling point decreases. 

10 A wide variety of materials can be used as gaseous precursors in the present 

compositions. It is only required that the material be oyiable of undergoing a phase 
transition to the gas phase upon pasdng tfaroug^i the appropriate tenq)erature. Suitable 
gaseous precursors include, for example, hexafluoroacetone, isopropyl acetylene, allene, 
- tetrafluoroallene, boron trifluoride, l,2-butadiene,2,3-butadiene, 1,3-butadirae, 1^,3- 

15 trichlor6-2-fiuon>-l,3-butadiene, 2-methyM^-butadiene, hexafluoro-13-butadiene, 
botadiyne, 1-fluorobutane, 2-methylbutane, perfluorobutane, l-butrae, 2*butene, 2- 
methyl-l-butene, 3*methyl-l-butene, perfluoro*l-butene, perfluoro-2*butene, 4-phenyl-3- 
butene-2-one, 2-methyI-l-butene-3-yne, bu^ nitrate, l-butyne, 2-butyne, 2-chloro* 
1,1,1,4,4,4-h^cafluorobutyne, 34netfa]d-l-butyne, perfliioro-2-butyne, 2-brbmo- 

20 buQi:aldehyde, carbonyl sulfide, crotononitrile, cyclobutane, metfaylcyclobutane, 
octafluorocyclobutane, perfluorocyclobutene, 3-chlon)cyclopentene, perfluorocyclo- 
pentane, octafluorocyclopentene, cyclopropane, perfiuorocyclopropane, 1 ,2-dimethyI- 
cyclopropane, 14-dime%Icyclopropane, 1,2-dimethylcyclopropane, ethjdqrclopropane, 
methylcyclopropane, diacetylene, 3-ethyl-3-methyl diaziridine, 1,1,1-trifIuorodiazoethane, 

25 dimethyl amine, hexafiuorodimethjdamine, dimethylethylamine, bis(dimethylphosphine)- 
amine, perfluorohexane, perfluoroheptane, perfluorooctane, 23-dimetfayl-2-norbomane, 
perfluorodimethylamine, dimethyloxonium chloride, 1 3-dioxolane-2-one, 4-methyl- 
1,1,1,2-tctrafluoroethane, 1,1,1-liifluoroethane, 1,1,2,2-tetrafluoroethane, 1,1,2-trichloro- 
i A2-trifluoroethane, 1,1-dichloroethane, l,l-dichlon>'l,2^4etrafluoroethane, 1,2- 

30 difluoroethane, l-chloro-l,l,2,2,2-pentafluoroethane, 2-chloro-l,l-difluoroethane, 1,1- 
dichIoro-2-fluoroethane, l-chloro-l,l,2,2-tetrafluoroethane, 2-chloro*l,l-difluoroethane, 
chloroetfaane, chloropentafluoroethane, dichlorotrifluoroethane, fluoroethane. 
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perfluoroethane, nitropentafluoroethane^ nitrosopentafluoroethane, perfluoioethylamine, 
ethyl vinyl ether, Ul-dicbloroediane, l,l-dich!oro-l,2*<iifluoioetfaane, 1^-difluoioethane, 
methane, trifluotomethanesulfonylchloride, trifluoromethanesulfonylfluoride, 
bromodifluoronitrosomethane, biomofluotomethane, bxomochlorofluoromethane, 
S biomotiifluororaetfaane, chlorodifluotonitromethane, chlorodinitiometliaDe, 
chloiofluorometbane, chlorotrifluoromethane, chlorodifluoromethane, 
dibiomodiiliiorometfaane, didiloiodifluoiomethane, dichloiofluorometfaaae, 
difluoiomediane, difluoroiodomethane, didlanoniethane, fluotometfaane, iodbmetfaane, 
iodotiifliioiomethane, nitrotrifluorometfaane, nitrosotrifiuoromethane, tetxafluoio- 

1 0 mediane, trichloiofluoromethane, trifluoiomethane, 2-mediylbutane, mediyl edier, methyl 
isopropyl etfier, methyllactate, meth^trite, metfaylsulfide, methyl vinyl ether, 
neopentane, nitrous oxide, 1,2,3-nonadecanetricaiboxylic aicid 2-hydn>xytrimetfa}4 ester, 
l-nonene-3-yne, 1,4-pentadiene, Ri)enlane, perfluoropentane, 4-amino^methylpentan^2- 
one, l*pentene, 2-pentene (cis and trans), 3-bromopent-l-ene, pexfluoropent-l-ene, 

IS tetradiloiophtfaalic acid, 23,6-trimetfaylpipetidine, propane, 1,1,1 ,2^,3* 

hexafiuoropiopane, 1,2-epoxypropane, 2,2-difluoropn)pane, 2-aminopropane, 2- 
chloropropane, heptafluoro-l-nitropropane, heptafluoro-l-nitrosopropane, 
perfluoropropane, propene, hexafluoropropane, l,l,l,233~b^^uo^^3-<lichlon>- 
propane, 1-chloropropane, chloroprojpane-(trans), 2-chloropiopane, 3-fluoropropane, 

20 propyne, 33»3-trifluon>propyne, 3«fluon>styrene, sulfur (di)-decafiuoride (SjFio), 
2,4-diaminotoluene, tiifiuon>acetonitrile, txifluon)metti^ peroxide, tiifiuorom^ 
tungsten hexafluoride, vinyl acetylene and vinyl ether, 

PojSuorocaibons are both prefened gases and preferred gaseous precursors 
for use in connection vdtti the conqxisitions employed m the methods of the present 

25 invention. Included among such perfluorocarbons are saturated perfluorocaibons, 
unsaturated perfluorocarbons, and cyclic perfluorocarbons« The saturated 
perfluorocarbons, which are usually preferred, have the formula C^2r^2« ^^rc n is fiom 1 
to about 12, preferably about 2 to about 10, more preferably about 3 to about 8, and even 
more preferably about 3 to about 6* Suitable perfluorocarbons include, for example, 

30 perfluoromethane, perfluoroetbane, perfluoropropane, perfluorobutane, 

perfluorocyclobutane, perfluoropentane, perfluorohexane, perfluoroheptane, 
perfluorooctane and perfluorononane. Preferably, the perfluorocarbon is selected from the 
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group consisting of peifluoropropdne, perfluorobutane, peifluorbcyclobutane, 
petfluoiopentane, peifluoxohracane and perfluoiooctane, with perfluoiopropane being 
particularly preferred. Qrdic perfluorocarbons, wiiich have the formula C^j^ vdiere n is 
fiom 3 to 8, preferably 3 to 6,ni^also beprefenred, and include, for exanq>l^ 
5 hexafluonKTclopropane, octafluorocydobutane» and decalIuoroqa:lopratane. 

In addition to fliepeifluorocaibons, it may be desirable to utilize stable 
fluoiocaibons\^charenotcompldelyfluorinated. Such fluotocarbons include 
heptafluoroprppane, for cmaplt, l,l,1^3^4eptafluoropropane and its isomer, 
1,1 ^,33>3-hqrtafluoxopn>pane. 

10 The gaseous precursor materials may be also photoactivated materialst such 

as (tiazonium ion and aminomalonate. As discussed more fiilly hereinafter, certain lipid 
and/or vesicle compositions, and particularly vesicle compositions, may be fonnulated so 
that gas is formed at the target tissue or by the action of sound on tiie lipid composition. 
Examples of gaseous precursors lore described, for example, in U.S. Patent Nos. 5,088,499 

1 5 and S, 1493 19, the disclosures of vAkh are hmby incoiporated h^iein by reference, in 
their entirety. Other gaseous precursors, in addition to tfiose exemplified above, will be 
apparent to one skilled in tiie art based on the present disclosure. 

The gaseous substances and/or gaseous precursors are preferably 
incoiporated in the lipid and/or vesicle conqxisitions irrespective of the physical nature of 

20 the composition Thus, it is contemplated that the gaseous substances and/or precursors 
thereto may be incorporated, for example, in lipid compositions in which the lipids are 
aggregated randomly, as well as in vesicle compositions, including vesicle compositions 
which are fonnulated fiiom lipids, such as micelles and liposomes, hicorporation of the 
gaseous substances and/or precursors thereto in the lipid and/or vesicle compositions may 

25 be achieved by using any of a number of metiiods. For example, in the case of vesicles 
based on lipids,' the fonnation of gas filled vesicles can be achieved by shaking or 
otherwise agitating an aqueous mixture v^ch comprises a gas or gaseous precursor and 
one or more lipids. This promotes the formation of stabilized vesicles within which the 
gas or gas precursor is encapsulated 

30 In addition, a gas may be bubbled directiy into an aqueous mixture of lipid 

and/or vesicle-forming compounds. Alternatively, a gas instillation method can be used as 
disclosed, for example, in U.S. Patent Nos. 5,352,435 and 5,228,446, the disclosures of 
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which are hereby incorporated herein by reference, in their entirety. Suitable methods for 
incorporating the gas or gas precursor in cationic lipid compositions are disclosed also in 
U.S. Patent No. 4,865,836, the disclosures of whidi arc hereby incorporated herein by 
reference* Other methods would be apparent to one skilled in the art based on the present 
S disclosure. Preferably, the gas may be instilled in the lipid and/or vesicle compositions 
after or during the addition of the stabilizing material and/or during formation of vesicles. 

In preferred embodiments, the gaseous substances and/or gaseous precursor 
materials are incorporated in vesicle compositions, with micelles and liposomes being 
preferred. As discussed in detail below, vesicles in which a gas or gaseous precursor or 

1 0 both are enc£q>sulated are advantageous in that they provide improved reflectivity in vivo. 
As ifiscussed more fiilly hereinafter, it is preferred that the lipid 
compositions, and especially the vesicle compositions, be formulated fix>m lipids and 
optional stabilizing compounds to promote the formation of stable vesiclies. In addition, it 
b also preferred that Ae lipid and/or vesicle compositions comprise a hig^y stable gas as 

IS well. Hie phrase "hig^y stable gas" refers to a gas which has limited solubility and 
difiiisability in aqueous media* Exemplary hig^y stable gases include perfluorocarbons 
since they are generally less difiusible and relatively insoluble in aqueous media. 
Accordingly, their use may promote the formation of higihly stable vesicles. 

hi certain embodiments, it may be desirable to use a fluorinated compound, 

2b especially a perfluorocarbon compound, which may be m the liquid state at the 

temperature of use of the lipid and/or vesicle compodtions, including, for example, the in 
vivo temperature of the human body, to assist or enhance the stability of the lipid and/or 
vesicle compositions, and especially, die gas filled vesicles. Suitable fluorinated 
compounds include, for example, fluorinated sur&ctants, such as fluorinated sur&ctants 

25 vMck are commercially avulable as ZONYL® sur&ctants (the DuPont Company, 
Wilmington, DE), as well as liquid petfluorocaxbons, such as for example, 
perfluorooctylbromide (PFOB), perfluorodecalin, perfluorododecalin, 
perfluorooctyliodide, perfluorotripn>pylarxiine, and pe^ In general, 

perfluorocarbons comprising about six or more caibon atoms will be liquids at normal 

30 human body temperature. Among these perfluorocarbons, perfluorooctylbromide and 
perfluorohexane, which are liquids at room temperature, are preferred. The gas which is 
present may be, for example, nitrogen or perfluoropropane, or may be derived from a 
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gaseous precursor, which may also be a perfluorocaibon, for example, petfluoropentane. 
In the latter case, the lipid and/or vesicle compositions may be prepared from a mixtuie of 
perfluorocaibons, which for the examples given, would be perfluoropropane (gas) or 
perfluoropentane (gaseous precursor) and perfluorooctylbromide (liquid). Although not 
S ihtendmg to be boimd by any theoiy or theories of operation, it is believed that, in the case 
of vesicle compositions, the liquid fluorinated compound may be situated at the inter&ce 
between the gas and the mqmbrane or wall surface of the vesicle. There may be &us 
formed a further stabilizing layer of liquid fluorinated con^x>und on the internal surface of 
the stabiliang compound, for example, a biocompatible lipid used to fonn the vesicle, and 
10 this peifluorbcaibon layer may also prevent the gas from diffiising through the vesicle 
manbrane« A gaseous precursor, within the context of the present invention, is a liquid at 
the temp^ature of manu&cture and/or storage, but becomes a gas at least at or during the 
time of use. 

Thus, it has been discovered that a liquid fluorinated compound, siich as a 

IS perfluorocarbon,\^en combined with a gas or gaseous precursor oidinarilyus^ 
the lipid and/or vesicle compositions described herein, may confer an added degree of 
stability not othoivise obtainable with flie gas or gaseous precursor alone. Thus, it is 
witiiin the scope of the present invention to utilize a gas or gaseous precursor, such as a 
perfluorpcarbon gaseom precursor, for example, perfluoropentane, together 

20 perfluorpcarfoon which remains liquid after administration to a patient, that is, whose 
liquid to gas phase trarmtion temperature is above the body temperature of the patient, fot 
example, pjerfluorooct^bromide. Perfluoririated surfiurtants, such as ZONYDg) fluoririated 
s[urfiu:tants, may be used to^ stabilize the lipid and/or vesicle compositions, and to act, for 
exanq)le, as a coating for vesicles* Preferred perfluorinated sur&ctants are the partially 

25 fluorinated pho^hodioline sur&ctants. In these preferred fluorinated sur&ctants, the dual 
alkyl compounds may be fluorinated at the tem^inal alkyl chains and the proximal carbons 
may be hydrogenated. These fluorinated phosphocholine surfactants may be used for 
making the targeted lipid and/or vesicle compositions of the present invention. 

In connection with embodiments involving vesicle compositions, the size of 

30 the vesicles can be adjusted for the particular intended end use including, for example, 
diagnostic and/or therapeutic use. The size of the vesicles may preferably range fiom 
about 30 nanometers (imi) to about 100 micrometers (pm) in diameter, and all 
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combinations and subcombinations of ranges therein. More preferably, the vesicles have 
diameters of from about 100 nm to about 1 0 ^m, with diameters of fiom about 200 nm to 
about 7 ixm being even more preferred In connection with particular uses, for example, 
intravascular use, including magnetic resonance imaging of the vasculature, it may be 
5 preferred tiiat the vesicles be no larger that about 30 ^m in diameter, with smaller vesicles 
being preferred, for example, vesicles of no larger than about 12 (mi in diameter. In 
certain preferred embodiments, the diameter of the vesicles may be about 7 fxm or less, 
witii vesicles having a mean diameter of about S fmi or less being more preferred, and 
v^cles having a mean diameter of about 3 |im or less being even more preferred. It is 

10 conten^)lat6d that these smaller vesicles nu^ perfuse small vascular channels, such as the 
microvasculature, while at the same time providing enou^ space or room i^thin the 
vascular channel to permit red blood cells to slide past the vesicles. 

The size of tiie gas filled vesicles can be adjusted, if dedred, by a variety of 
procedures including, for example, shakmg, microCTiUlsification^ vortexing, extrusion, 

1 S filtration, sonication, homogenization, repeated freezing and thawing cycles^ extrusion 
under pressure throu^ pores of defined size, and similar metiiods. 

As noted above, compositions employed herein may also include, with 
respect to then: preparation, formation and use, gaseous precursors tiiat can be activated to 
change Scorn a liquid or solid state into a gas by traiperature, pH, light, and energy (such 

20 asultiasound). The gaseous precursors may be made into gas by storirig the precursors at 
reduced pressure. For example, a vial stored under reduced pressure may create a 
head^iace of perfluoropentane or perfluorohexane gas, useM for creatmg a preformed gas 
prior to mjection. Preferably, tfie gaseous precursors nis^r be activated by tenqierature. 
Set fortii below is a table listing a series of gaseous precursors induch undergo phase 

25 transitions fiom liquid to gaseous states at relatively close to normal body tempmtiire 
(37''C) or below, and tiie size of the emulsified droplets that would be required to form a 
vedcle of a maximum aze of 10 |un. 
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TABLE 2 



Physical CharacteristiGs of Gaseous Precursors and 
Diameter of Emulsified Droplet to Form a 10 |un Vesicle* 



10 



Compound 


Molecular 


Boiling Point 


Density 


IHametBrOxm)of 
emulsified droplet 
to make 10 micron 
vesicle 


perflupro 
pentane 


288.04 


28.5 


1.7326 


2.9 


1- 

fluoiobutane 


76.1! 


32.5 


0.67789 


1.2 


2-inethyl 
butane 
Gsopentane) 


72.15 


27.8 


0.6201 


2.6 


2-methyl 1- 
butene 


70.13 


31.2 


0.6504 


2.5 


2-metIiy!-2- 
butene 


70.13 


38.6 


0.6623 


2.5 


l-butene-3- 
yne-2-meUiyl 


66.10 


34.0 


0.6801 


2.4 


3-methyl-l- 
butyne 


68.12 


29.5 


0.6660 


2.5 


octafluoto 
cyclobutane 


200.04 


-5.8 


1.48 


2.8 


decafluoio 
butane 


238.04 


-2 


1.517 


3.0 


hexafluoro 
1 ediane 


138.01 


-78.1 


1.607 


2.7 



•Source: Chemical Rubber Company Handbook of Chemistry and Physics, Robert C* 
Weast and David R. Ude, eds., CRC Press, Inc, Boca Raton, Florida (1989-1990). 

The perfluon>carfooiis, as already indicated, are preferred for use as the gas 
or gaseous preciusors, as well as additional stabilizing components. 
30 As noted above, it is preferred to optimize the utility of the lipid and/or 

vesicle compositions, especially vesicle compositions formulated fix>m lipids, by using 
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gases of limited solubility. The phrase "limited solubility" refers to the ability of the gas 
to diffuse out of the vesicles by virtue of its solubility in the sunoundiug aqueous mecfium. 
A greater solubility in the aqueous medium unposes a gradient with the gas in the vesicle 
such that the gas may have a tendency to difiiise out of the vesicle. A lesser solubility in 
5 the aqueous milieu, m^, on the other hand, decrease or eliminate the gradient between the 
vesicle and the inter&ce such that division of the gas out of the vesicle may be impeded. 
Pteferably, the gas entrapped in the vesicle has a solubility less than that of oxygen, that is, 
about 1 part gas m about 32 parts water. See Matheson Gas Data Book, 1966, Matheson 
Company hic. More preferably, the gas entrapped in the vesicle possesses a solubility in 

10 water less than that of air, and even more preferably, the gas entrapped in the vesicle 
possesses a solubility in water less than that of nitrogen. 

It may be desirable, in certain embodiments, to formulate vesicles fiom 
substantially impermeable potymeric materials. In these embodiments, it is generally 
unnecessary to employ a gas wluch is lug^y msoluble also. For escample, stable vesicle 

IS compositions ^^di comprise substantially impermeable polymeric materials may be 
formulated widi gases having higgler solubilities^ for example, air or nitrogen. 

Jn addition to, or instead o^ the lipid, proteinaceous and/or polymeric 
compounds discussed above, the compositions described herein msy comprise one or more 
stabiliar^ materials. Exenq>lary of such stab tliang materials are, for example, 

20 Inocompatible polymers. The stabilizing materials may be employed to dedrably assist in 
tiie formation of vesicles and/or to assure substantial encq)sulation of the gases or gaseous 
precursors. Even for rekitively msoluble, non-difiusible gases, such as perfluor^^ 
or sulfur hexafluoride, improved vesicle compositions may be obtained wfaol one or more 
stabiliang materials are utilized m the fonnation of the gas and gaseous precursor filled 

25 vesicles. Tliese compounds may help inqmve tiie stability and tiie mtegrity of tiie vesicles 
widi regard to thdr size, shape and/or otii^ attributes. 

The terms "stable** or "stabilized", as used herein, means that the vesicles 
may be substantially resistant to degradation, including, for example, loss of vesicle 
structure or encapsulated gas or gaseous precursor, for a useful period of time. Typically, 

30 the vesicles employed in the present invention have a desirable shelf life, often retaining at 
least about 90 % by volume of its original structure for a period of at least about two to 
three weeks under nomud ambient conditions. In preferred form, the vesicles are 
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desirably stable for a period of time of at least about 1 month, more preferably at least 
about 2 months, even more preferably at least about 6 months, still more preferably about 
eighteen months, and yet more preferably vp to about 3 years. The vesicles described 
herein, includmg gas and gaseous precursor filled vesicles, may also be stable even under 
S adverse coiiditions, such as temperatures and pressures vMch are above or below those 
e3q)eiienced under normal ambient conditions. 

The stability of the vesicles described herein m^ be attributable, at least in 
' part, to the materials from vMch the vesicles are made, including* for example, the lipids, 
polymers and/or proteins described above, and it is often not necessary to employ 
1 0 additional stabili2ing materials, although it is optional and may be preferred to do so. 
Such additional stabilizing materials and their characteristics are described more fully 
hereinafter. 

The materials fiom vMch the vesicles are constructed are preferably 
biocoiiq)atible lipid, protein or polymer materials, and of these, 4ie bioconqtadble lipids 
15 are preferred. In addition, because ofthe ease offormulation, including (he capability of 
preparing vesicles unmediately prior to administration, these vesicles may be convemeaAy 
madeonsite^ 

The biocompatible polymers useftil as stabilizing materials for preparing 
flie gas and ^iseous precursor filled ve^cles may be of natural, semi-synthetic (modified 

20 natural) or synthetic origin. As used herein, the term polymer denotes a compound 

comprised of two or more repeating monomeric imits, and preferably 1 0 or inore repeating 
monomeric units. Hie phrase semi-synthetic polymer (or modified natural polymo), as 
employed herein, draotes a natural polymer that has been cfaemically modified in some 
fiishioh. Exeaq)laiyiuiitural polymers suitable for use in 

25 naturally occurring polysaccharides. Such polysaccharides include, for example, 

arabinans, fiuctans, fiicans, galactans, galacturonans, glucans, maimans,xylans (suchas, 
for example, inulin), levan, fijcoidan, carrageenan, galatocarolose, pectic acid, pectins, 
including amylose, pullulan, glycogen, amylopectin, cellulose, dextran, dextrin, dextrose, 
polydextrose, pustulan, chitin, agarose, keratan, diondroitan, dennatan, hyaluronic acid, 

30 alginic acid, xanthan gum, starch and various other natural homopolymer or 

heteropolymers, such as those containing one or more of the following aldoses, ketoses, 
acids or amines: erythrose, threose, ribose, arabinose, xylose, lyxose, allose, altrose. 
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glucose, mannose, gulose, idose, galactose, talose, eiythnilose, ribulose, xylulose, psicose, 
fiuctose, sorbose, tagatose, mannitol, soibitol, lactose, sucrose, trehalose, maltose, 
cellobiose, glycine, serine, tfaxeonine, cysteine, tyrosine, aspaiagine, glutamine, aspaitic 
acid, glutamic acid, lysine, ai^^uine, histidine, glucuronic acid, gluconic acid, glucaric 
5 acid, galacturonic acid, niannuronic add, glucosamine, galactosamine, and neuraminic 
acid, and naturally occuiring derivatives thereof. Accordingly, suitable polymers include, 
for example, proteins, such as albumin. Exemplary semi«^thetic polymers include 
carboxymethylcellulose, faydro^o^nethylcellulose, hydroxypropylmetfiylcellulose, 
meth^cellulose, and methoxycellulose. Exemplary synthetic polymers suitable for use in 

10 the present invention include polyethylenes (sudi as, for example, polyethylene glycol, 
polyoxyettiylene, and polyetfiylene terephthlate), polypropylenes (such as, for example, 
polypn>p)iene glycol), polyurelfaanes (sudi as, for example, polyvin}d alcohol (PVA), 
polyvin)d chloride and polyvin^pyrrolidone), polyamides including nylon, polystyrene, 
polylactic adds, fluorinated hydrocarbons, fluorinated carbons (such as, for example, 

IS polytetrafluoroeA}1ene), and polymetl^lmetfaaciyiate, and derivatives thereof. Methods 
for the preparation of vesicles wfaidi enqsloy polymers as stabilizing compounds will be 
readily apparent to those skilled in the art, once armed with the present disclosure, -wbm 
ifae present disclosure is coupled with information known in the art, such as that described 
and referred to in Unger, U.S. Patent No. 5,205,290, the disclosures of which are hereby 

20 incorporated herem by reference, in their entirety. 

Particularly preferred embodiments of the present invention may involve 
vesicles which comprise three components: (1) a neutral lipid, for example, a nonionic or 
. zwitterionic lipid, (2) a negatively charged lipid, and (3) a lipid bearing a stabilizing 
material, for example, a hydrophilic polymer. Preferably, the amount of the negatively 

25 charged lipid will be greater than about 1 mole percent of the total lipid present, and the 
amount of lipid bearing a hydrophilic polymer will be greater than about 1 mole percent of 
the total lipid present Exemplary and preferred negatively charged lipids include 
phosphatidic acids. The lipid bearing a hydrophilic polymer will desirably be a lipid 
covalently linked to the polymer, and the polymer will preferably have a weight average 

30 molecular weight of from about 400 to about 100,000. Suitable hydrophilic polymers are 
preferably selected from the group consisting of polyethylene glycol (PEG), 
polyprop)1ene glycol, polyvinylalcohol, and polyvinylpyrrolidone and copolymers 
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thereof, with PEG polymers being preferred Preferably, the PEG polymer has a 
molecular weight of from about 1 000 to about 7500, with molecular weights of fiom about 
2000 to about 5000 being more piefetxed. The PEG or other polymer may be bound to the 
lipid, for example, DPPE, through a covalent bond, such as an amide, carbamate or amine 
5 linkage. In addition, the PEG or other polymer may be linked to a targetii^ ligand, or 
other phospholipids, with a covalent bond including, for example, amide, ester, e&er, 
thioester, thioamide or disulfide bonds. Where the hydrophilic polymer is PEG, a lipid 
bearing such a polymer will be said to be "pegyiated.** In preferred fonn, the lipid bearing 
a hydrophilic polymer may be DPPE-PEG, including, for example, DPP&PEG5000, 
1 0 vMdx refers to DPPE having a polyediylene glycol polymo* of a mean wei^t average 
molecular weight of about 5000 attached thoeto CDPPE-PEO5000). Ano&er suitable 
pegylated lipid is distearoylphosphatidylethanol-anune-polyethjdene glycol 5000 (DSPE- 
PEG5000). 

In certain prefemed embodunents of the present invention, the lipid 

15 compositions may include about 77.5 mole % DPPC, 12.5 mole % of DPPA, and 10 mole 
% of DPP&PEG5000. Also prefixed are compositions which comprise about 80 to about 
90 mole % DPPC, about 5 to about 15 mole % DPPA and about 5 to about 15 mole % 
DPPE-PEG5000. Especially prefeited are compoations which comprise DPPC, DPPA 
and DPPE-PEG5000 in a mole % ratio of 82:10:8, respectively. DPPC is substantially 

2i0 neutral, since tiie phosphatidyl portion is negatively charged and tiie choline portion is 
positively charged Consequently, DPPA, yAddi is negatively charged, may be added to 
enhance stabilization in accordance with the mechanism desoibed above. DPPE-PEG 
provides a pegylated material bound to Hig lipid membrane or skin of the vesicle by the 
DPPE moiety, with the PEG moiety fiee to surround the vesicle membrane or skin, and 

25 thereby form a physical barrier to various en2ymatic and other endogenous agents in the 
body whose function is to degrade such foreign materials. The DPPE-PEG may provide 
more vesicles of a smaller size vMch are safe and stable to pressure when combined with 
other lipids, such as DPPC and DPPA, in the ^ven ratios. It is also theorized that the 
pegylated material, because of its structural similarity to water, may be able to defeat the 

30 action of the macrophages of the human immune system, which would otherwise tend to 
surround and remove the foreign object The result is an increase in the time during which 
the stabilized vesicles may fiinction as diagnostic imaging contrast media. 
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The vesicle compositions may be prepared fiom ofter materials, in addition 
to the materials described above, provided that the vesicles so prepared meet the stability 
and other criteria set forth hereirL These materials may be basic and fundamental, and 
form the primary basis for creating or establishing the stabilized gas and gaseous precursor 
S filled vesicles. On the other hand, they may be auxiliary, and act as subsidiary or 

supplementary agents ^ch can enhance the functioning of the basic stabilizing material 
or materials, or contribute some desired prop^ty in addition to that afforded by the basic 
stabilizir^ material. 

However, it is not always possible to dietermine vdiether a givra material is 

10 a basic or an auxiliary agent, since the fimctioning of the mat^ial in question is 

detennined empuicaUy, for example, tiy the resdts produced wi& r^pect to producing 
stabilized vesicles. As examples of how these basic and auxiliary materials may function, 
it has been observed that the simple combination of a biocompadble lipid and water or 
saline when shaken will often give a cloudy solution subsequent to autbclaving for 

1 5 sterilization. Such a cloudy solution may function as a contrast agent, but is aesthetically 
objectionable and may imply instability in tfie form of undissolved or undispersed lipid 
particles. Cloudy solutions miQr be also uridesirable where ttie undissolved particulate 
matter has a diameter of greater flian about 7^01, and espedaUy greats 10 fun. 

Manu&cturing steps, such as sterile iBltiation^ may also be problematic with solutions 

20 which contain undissolved particulate matter. Thus, propylene glycol may be added to 
remove this cloudiness by fiunlitating dispersion or <&solution of the lipid particles. The 
propylene glycol may also function as a wetting agent ^ch can improve vesicle 
formation and stabilization by increasing flie sur&ce tendon on tiie vesicle membrane or 
skin. It is possible that the propylene glycol can also functiori as an additional layer that 

25 may coat the membrane or skin of the vesicle, thus providing additional stabilization. As 
examples of such further basic or auxiliary stabiliang materials, there are conventional 
surfectants which may be used; see D'Anigo U,S. Patents Nos, 4,684,479 and 5,215,680. 

Additional auxiliary and basic stabilizing materials include such agents as 
peanut oil, canola oil, olive oil, safiBower oil, com oil^ or any other oil commonly known 

30 to be ingestible which is suitable for use as a stabilising compound in accordance with the 
teachings herein. Various auxiliary and basic stabilizmg materials are disclosed, for 



wo 96/40285 



-46- 



PCTAJS9&W938 



example, in U.S. application Serial No, 08/444,574, filed May 19, 1995, the disclosuies of 
vAdch are incotporated herein by reference, in their entirety. 

In addition, compounds used to make mixed micelle systems may be 
suitable for use as basic or auxiliary stabiliang materials, and these include, for example, 
5 lauryltrimethylammonium bromide (dodecyl-), cetyltrimethylaimnonium bromide . 
(hexadecjd-), myristyltrimethylammonium bromide (tetradecyl-), alkyldimeth}4* 
boizyiammonium chloride (^ere allgrl is C,2, C14 or C,5,), benz}4dimethyldodeqrl- 
ammonium bromide/chloride, bem^dimetfayl hexadecylammonium bronude^^ 
b^izyidimetfayl tetradecylammonium bromide/chloride, cetyldimethyletfaylammonium 

10 bixmiide/chloride, or cetylpyridinium bromide/chloride. 

It has also been found that the gas and gaseous precursor filled vesicles 
used m the present invration may be controlled according to size, solubility and heat 
stability by dioosing fix)m among the various additional or auxiliary stabilidng materials 
described heroin. These materials can affect these parameters oftfae vesicles, especially 

1 5 vesicles formulated fiom lipids, not only by thdr j^ysical interaction with the membranes, 
but also by their ability to modify the viscosity and surfiu^e tension of the sur&ce of the 
gas and gaseous precursor filled vesicle. Accordingly, the gas and gaseous precursor filled 
vesicles used in the present invention may be fiivorably modified and fiirdier stabilized, for 
example, by fiie addition of one or more of a wide variety of (a) viscosity modifiers, 

20 including^ for example, cid)olQrdrates and their phpsphoiy^^ 

polyethers, preferably with molecular weight ranges between 400 and 100,000; and di- and 
trihydroxy alkanes and theu: polymers, preferably wifii molecular weight ranges between 
200 and 30,000; (b) emulsifymg and/or solubilisdng agents including, for example, acacia, 
cholesterol, diethanolamine, glycei^ monostearate, lanolin alcohols, lecithin, mono- and 

25 di-glycerides, mono-ethanolamine, oleic acid, oleyl alcohol, poloxamer, for example, 
poloxamer 188, poloxamer 184, and poloxamer 181, polyoxyethylene 50 stearate, 
polyoxyl 35 castor oil, polyojqrl 10 oleyl etiicr, polyoxyl 20 cetosteaijd ether, polyo^qd 40 
stearate, polysorbate 20, polysorbate 40, polysoibate 60, polysorbate 80, propylene glycol 
diacetate, propjdene glycol monostearate, sodiimi lautyl sulfate, sodium stearate, sorbitan 

30 mono-laurate, sorbitan mono-oleate, sorbitan mono-palmitate, soibitan monostearate, 
stearic acid, trolamine, and emulsi^dng wax; © su^nding and/or viscosity-increasing 
agents, including, for example, acacia, agar, alginic acid, aluminum mono*stearate. 
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bentonite, magma, caibomer 934P, caibos^methylceliuiose, calcium and sodium and 
sodium 12, canageenan, cellulose, dextian, gelatin, guar gum, locust bean gum, veegum, 
hydroxyethyl cellulose, hydioxypropji methylcellulose, magnesium*aluminum-siiicate. 
Zeolites®, methylcellulose, pectin, polyethylene oxide, povidone, propylene glycol 
5 alginate, silicon dioxide, sodium alginate, tragacantfa, xandian gum, a-d-gluconolactone, 
glycerol and mannitol; (d) synthetic suspending agents, such as polyethylene glycol 
(PEG), polyvinylpym)lidone (P VP), polyvinylaloohdl (PVA), polypropylene glycol 
(PPG), and polysoibate; and (e) tonicity nusing agents ^ch stabilize and add tonidty, 
mcluding, for example, soifoitol. mannitol, trehalose, suciose, propylene glycol and 
10 glycerol. 

As noted above, flie compositions of die preset invention fiirther comprise 
a targeting ligand. The taigeting ligands are preferably associated with the lipid 
compounds, proteins, polymers and/or vesicles covalently or non-covalently. Thus, in the 
case of lipid compositions, the taigeting ligand may be bound, for example, via a covalent 

is or non-covalent bond, to at least one of the lipids incoiporated in the compositions. In die 
case of vesicles \vhich are formulated from substances odier dian lipids, for example, 
claduates, aerogels and albumin vesicles, die taigeting ligand may be preferably botmd 
covalendy or non-covalendy to one or more of die materials mcoiporated in the vesicle 
walls. It is generally preferred diat die taigeting ligand be boiind to the lipid and/or 

20 vesicles covalendy. Preferably, in die case of lipid compositions which comprise 
cholesterol, the targeting ligand is bound to the cholesterol substantially only non- 
covalendy, and/or that the targeting ligand is bound covalendy to a component of the 
conqiosition, for example, anodier lipids such as a phospholipid, odier than the cholesterol. 
If desued, the taigeting ligands may also be bound to other stabilizing 

25 materials, for example, biocompatible polymers, which may be present in the 

compositions. Ibe targeting ligands \^ch are incoiporated in the compositions of the 
present invention are preferably substances which arc capable of targeting receptors and/or 
tissues /n v/vo. Withrespecttothetaigetingoftissue,asnotedabove, the targeting 
ligands arc desirably capable of targeting heart tissue, including myocardial cells, and 

30 membranous tissues, including endothelial and epithelial cells. In the case of receptors, 
the targeting ligands are desirably c^blcoftargetiiigGPnbina receptors. Itb 
contemplated that preferred targeting ligands for use in taigeting tissues and/or receptors. 
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including the tissues and receptors exemplified above, are selected from the group 
consisting of proteins, peptides, saccharides, steroids, steroid analogs, bioactive agents and 
genetic material, including, for example, antibodies, glycoproteins and lectins, with 
peptides being preferred. An example of a protein vdiich may be preferred for use as a 
5 targeting Ugand is Protein A, v/faich is protein that is produced by most strains of 

Staphylococcus aureus. Protein A is commercially available, for example, from Sigma 
Chemical Co. (St Louis, MO)« Protein A may then be used for binding a variety of IgG 
. antibodies. Gena:aUy speakbxg, peptides which are particulariy useful as targeting ligands 
incltide natund, modified natural, or synthetic peptides tfi^ 

10 of resistance to degradation by vasculariy circulating esterases, amidases, or peptidases. 
One veiy usefiil method of stabilization of pq)tide moieties incorporates die use of 
cyclizafiontechmques. As an «ample, the end-to-end ^lization whereby the carboxy 
terminus is covalently Unked to the anune terminus via an amide bond may be usefiil to 
inhibit peptide (fegradadon and increase circulatii^ half-life. Additionally, a side chain- 

15 to-side chain cyclization is also particularly usefiil in inducii^ In addition, an 

end-to-side chain cyclization may be a usefiil modification as well. In addition, the 
substitution of an L-ammo add for a D-amino acid in a strategic region of the peptide may 
ofior resistance to biological degradation. Suitable targeting ligands, and methods for 
their prq}aration, will be readily apparent to one skilled in tiie art, once armed with the 

20 disclosure herdn. 

In connection witii the targetmg of endotiielial cells, suitable targeting 
ligands include, for example, one or more of the following: growtii fiictors, including, for 
example, basic fibroblast growth fiictor (bFGF), acidic fibroblast growtfi factor (aFGF)> 
transfomiing growfli factor-alpha (TGF-a), transfimning growtii fitctor-beta (TGF-p), 

25 platelet-derived endothelid cell growfli factor (PD-ECGF) vascular endotiielial growdi 
factor (VEGF) and human growtii factor (HGF); angiogenin; tumor necrosis factors, 
including tumor necrosis factor-alpha (TNF-a) and tumor necrosis factor-beta (TNF-P); 
copper-containing polyribonucleotide angiotropin with a molecular weight of about 4,500, 
as well as low molecular weight non-peptide aiigiogenic factors, such as 1 -butyryl 

30 glycerol; the prostaglandins, including, for example, prostaglandin E, (PGE,) and 

prostaglandin £3 (PGE2); nicotinamide; adenosine; dipyridamole; dobutamine; hyaluronic 
acid degradation products, such as, for example, degradation products resulting fiom 
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hydrolysis of p linkages, including hyalobiutonic acid; angiogenesis inlubitors, including, 
for example, coUagenase inhibitors; minocycline; medroxyprogesterone; chitin chemically 
modified with 6^-sulfiite and 6-0-carboxymethyl groups; angiostatic steroids, such as 
tetrahydrocortisol; and heparin, including fragments of heparin, such as, for example, 
5 fiagments having a molecular weight of about 6,000, admixed with steroids, such as, for 
example, cortisone or hydrocortisone; angiogenesis inhibitors, including angioinhibin 
(AGM-1470 - an angiostatic antibiotic); platelet fitctpr 4; protamine; sul&ted 
polysaccharide peptidoglycan complexes derived fiom the bacterial wall of an Arthobacter 
species; fungal-doived angiogenesis inhibitors, such as fumagillin derived fiom 

10 Aspergillm/imigatus;J>pGxdallB^^ 

analogues, including, for example, 1-a, 2S-dihydn>xyvitamin D, said a synthetic analogue 
22-oxa-l-ay 2S-dihydiO}{yvitamin D3; a-interferon; cytokines, such as the inteileukins, 
including, for example, interieukin-1 QLrl% interleuIdn-2 (IL-2), and interleuktn-8 (IL-8); 
grainuloqie noacrophage colony stimulating fiu^r (GMCSF); heparin, including low 

IS molecular weight fi:agments6fheparin or analogues of hepariI^suIlplesul^ 
polysaccharides, siich as cyclodextrins, including a-, P- and y-cyclodextrin; 
tetradecasulfiOe; transferrin; ferritin; platelet fitctor 4; protamine; Gly-His*Lys conq>lexed 
to copper; cenildplasmii^ (12R)-hydro}^icosatrienoic acid; okadmc acid; lectins; 
antibodies; GDI la/CD18; and Very Late Activation bitegrin-4 (VLA-4). 

20 Endotfielial-leukocyte adhedon molecules (SLAM'S) are antigens vMch 

are expressed by endothelial cells under conditions of stress whi di thra fiidlitate the 
migration of ^ leukocytes across the endothelium lining the vasculature mto the 
surrounding tissues. It is also the surprising discovery that these same endofiielial* 
leukocyte adhesion molecdes nuQT be advantageously e3q>loited as recq)tors fo 

25 of vesicles. These endotheUal cell adhesion molecules belong to a feniily known 

selectins in which fte known members, sudi as GMP-1 40, all participate in endothelial* 
leukocyte adhesion and include ELAM-1, LAM-1 and the granule membrane protein 140 
(GMP-140) also known as platelet activation-dependent granule-external membrane 
protein (PADGEM), VCAM-l/INCAM-1 10 (Vascular Adhesion Molecule/Inducible 

30 Adhesion Molecule) and ICAM-1 (Intercellular Adhesion Molecule), The cadhcrin fiamily 
of cell adhesion molecules may also be used as targeting ligands, including for example, 
the E-, N-, and P-cadherins, cadherin-4, cadherin-5, cadherin-6, cadherin-7, cadherin-8. 
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cadherm-9, cadherin-lO, and cadherin-1 1 ; and most pief^bly cadherin C-5. Further, 
antibodies directed to cadherins, such as, for example, the monoclonal antibody Ec6C10, 
may be used to recognize cadherins expressed locally by specific endothelial cells, 

A wide variety of different targeting Ugands can be selected to bind to t^^ 
S cytopIasrnicdomaiiisofthe ELAM molecules. Targeting ligands in tiiis regard may 
include lectins, a wide variety of carbohydrate or sugar moieties, antibodies, antibody 
fiagments. Fab fiagments, sudi as, for sample, Fab*2t and synthetic peptides, including, 
for example, Arginine-Glycine-Aspartic Add ^ch mi^ be targeted to wound 

healing. While many oftfieseinateiiabinay be derived fiiomnatund source^ 

10 be synthesized molecular biolo^cal recombinant techniques and oAets may be 
synthetic in origjn. Pqitidesrnay be prq>ared by a variety of different combiiiatorial 
chemistry techniques as are now known in the art Targeting ligands derived or modified 
fiom human leukocyte origm, such as GDI la/G^lS, and leukocyte cell sur&ce 
glycoprotein (LFA-1), may also be used as these are known to bind to the endothelial cell 

IS receptor ICAM-1. Tlie (^tokine inducible member of the immundglobulm superfiunily, 
VCAM-1, wfaidi is mononuclear leukoqle-selective^ may also be used as a targeting 
ligand VLA-4, derived fiom hurnan monocles, nuiy be used to target VCAM-l . 
Antibodies and other tar^ting ligands may be employed to target endoglin, which is an 
endothelial cell proliferation marker. Endo^ is upregulated on endothelial cells in 

20 niiscellaneous solid tumors. A targeting ligand which may be used to target endoglin is 
the antibody TEC-1 1. R.E. Thorpe and F J. Burrows, Breast Cancer Research and 
Treatment, Vol, 36, pp. 237-51 (1995). 

EndotheM ceU activation in the setting of atfaer6sclen)sis is used in this 
invention to target the compositions to re^ons of arteriosclerosis includmg, for example, 

25 atherosclerotic plaque. One such taiget that can be used is the inducible mononuclear 
leukocyte endothelial adhesion molecule recognized by lRbl/9 as an ATHERO-ELAM. 
The monoclonal antibodies, H4/18 and HI 8/7, may be used to target endothelial cell 
sur&ce antigens which are induced by cytokine mediators. As a preferred embodiment of 
this invention, gas filled vesicles are targeted to atherosclerotic plaque to non-invasively 

30 detect diseased blood vessels before severe damage has occurred, for example, prior to 
stroke or myocardial in&rction, so that appropriate medical or surgical intervention may 
be implemented. ATHERO-ELAM is a preferred target and ligands, such as antibodies. 
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peptides, or lectins or combinations thereof may be used to target this cell sur&ce epitope 
expressed on endothelial cells m the context of atherosclerosis. Alternatively, lipoproteins 
or lipoprotein fragments derived from low or high density lipoprotein proteins may be 
used as targeting ligands. Additionally, cholesterol may be used to target the endothelial 
S cells and localize the lipids, vesicles, and the like, to regions of atherosclerotic plaque. In 
embodiments v^ch involve the use of cholesterol as a targeting ligand, the cholesterol is 
preferably unmodified (non-derivatized) with other chemical groups, moieties, ligands, 
and the like. 

A targeting ligand directed toward thrombotic material in the plaque may 

10 be used to differentiate between active and inactive regions of atherosclerotic plaque. 
Active plaques in the process of generating ^mbi are more dangerous as these plaques 
may ultimately occlude a vessel or result in emboli. In this r^ard, in addition to low 
molecular weight heparin fiagments, other targeting ligands, such as, for example, anti- 
fibrin antibody, tissue plasminogra activator (t-PA), ahti-thrombin antibody and fibrin 

1 S antibodies directed to platelet activation fictions, may be used to target active plaque with 
evolying clots. Most preferred targeting ligpnds are tiiose which ^11 target a plasma 
mraibrane associated GPIIbllla in activated platelets in addition to targeting P-selectin, 
and an antibody or associated antibody fiiagment directed to GPIIbllla. The present 
invention is also useful for detecting regions of acute myocardial infioction. 

20 Convenientiy, by attaching anti-myosin (particulariy cardiomyosin) antibody or anti-actin 
antibodies to the lipids, polymers or stabilizing materials, infiupcted myocarditun may be 
detected by the methods of the present invration. For tar^ting to granulation tissue 
Qiealing wounds), many of the above targeting ligpnds may be usefiil. The wound healing 
tripeptide, argjmine-glydne-aspartic add (RGD), may also be used as a targeting ligand in 

25 tills regard. 

As with tiie endothelial cells discussed above, a wide variety of peptides, 
proteins and antibodies may be employed as targeting ligands for targeting epithelial cells. 
Preferably, a peptide, including synthetic, semi*syntfaetic or naturally-occurring peptides, 
with high a£5nity to the epithelial cell target receptor may be selected, with synthetic 
30 peptides being more preferred. In connection with these preferred embodiments, peptides 
having from about S to about IS amino acid residues are preferred. Antibodies may be 
used as whole antibody or antibody fi:agments, for example. Fab or Fab*2, either of natural 
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or recombinant origin. The antibodies of natural origin may be of animal or himian origin, 
or may be chimeric (mouse/human). Human recombinant or chimeric antibodies are 
preferred and fragments are preferred to vdiole antibody. 

Examples of monoclonal antibodies vdiich may be employed as targeting 
S Ugands in ihe present compositions include CALAM 27, vMch is formed by immum^ng 
BALB/c mice with vAiole human squamous cell carcinoma of the tongue and forming 
hybridomas by crossing extracted spleen cells with those of an NS 1 syngeneic myeloma 
cellline, Gioanni, J. etal.,QmceriJe5earcA, Vol. 47, pp. 4417-4424 (1987). CALAM 27 
is directed to sur&ce epitopes ofboth normal and malignant epithelial cells. Normal 

10 lymph nodes generally do not contain cells expressing these epitopes. See Cancer 

Research, Vol. 47, pp. 4417-4424 (1987). Accordingly, lipid and/or vesicle compositions 
comprising this andbody can be used to target metastases in the lymph nodes. The 
monoclonal antibody 3C2 may be employed as a tai]^ting ligand for targeting malignant 
epithelial cells of serious ovarian carcinoma and endometrioid cardnoma. Anofher 

15 cxemplaiy targeting Ugand is Mab 4C7 (see Cancer Research, Vol. 45, 2358-2362, 1985), 
which may be used to target mucinous carcinoma, endometriod carcinoma and 
mesonephroid carcinoma. For targeting squamous cell carcinoma in head and neck 
cancer, Mab E48 (Biolopcal Abstract, Vol. 099 Issue. 066 Re£ 082748) may be used as a 
. brgeting ligand. For targeting malignant melanoma, the monoclonal antibody 225.28s 

20 {Pathol. Biol, VoL 38 (8), pp. 866-869. 1990) may be employed. 

Tari^ting ligands may be selected for lariating mtigens, including antigens 
associated with breast cancer, such as epidermal growth fiurtpr recqptor (EGFR), fibroblast 
growth lEactor receptor, eibB2/HER*2 and tumor assodat^ 

(Cancer, Vol. 74 (3) pp. 1006-12 (1994)). CIA 16.88, homologous to cytokcnitins 8, 18 
25 and 19, is expressed by most epitiielial<<lerived tumors, including carcinomas of the colon, 
pancreas, breast, ovary and lung. Thus, antibodies directed to these cytokoiatins, such as 
16,88 (IgM) and 88BV59 (IgG3k), which recognize diflfetent epitopes on CTA 16.88 
{Semin. Nucl Med, VoL 23 (2), pp. 165-79 (1993)), may be employed as targeting 
ligands. For targeting colon cancer, anti-CEAIgG Fab* fragments may be employed as 
30 targeting ligands. Chemically conjugated bispecific anti-cell surface antigen, anti-bapten 
Fab -Fab antibodies may also be used as targeting ligands. The MG series monoclonal 
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antibodies may be selected for taigeting, for exan5>le,g3stri Med ScLJ., 

Vol. 6 (I), pp. 56-59 (1991), 

There ate a vari^ of cell suifece epitopes on epithelial cells for wUch 

tar^tingligandsm^ be selected. For exanq)le, die protein human papiUoma virus (HPV) 
S has been assodatedvdthbaugn and maUgnantqntfaelial proliferations in sldna^ 
mucosa. TvvoHPV<WK»g«MJiH«t«ns,E6 and ET.tmqr be targeted as tiiese 
oqnessed in certain epitheUal derived cancers, sudi as cervical carcinoma. See Curr. 
Opin. Immunol. VoL 6 (5), pp. 746-54(1994). Membrane receptors for peptide growth 
factors (PGF-R). which are involved in cancer cett proliferation, may also be selected as 
10 tumor antigens. Anticancer Drugf, Vol 5 (4), pp. 379-93 (1994). Also, epidermal growfli 
fiu5tor (EGF) and interieukin-2 may be targeted wifli suitable targeting Ugands, including 
peptides, vMch. bind these receptors. Certan melanoma associated anti^ (MAA)r sudi 
as epidermal growth factor receptor (EGFR) and adhesion molecules (Ttanor Biol, Vol. 
15 (4). PP- 188-202 (1994)), which are expressed by malignant metahoma cells, can be 
15 targeted with the compositions provided herein. The tumor associaled antigen FAB-72 on 
the surface of carcinoma cells may also be selected as a target 

A wide variety of targeting li^nds may be selected for targeting 
myocardial celU. Exemplary targeting Ugands include, for example, anticatdiomyosin 
antibody, which may comprise polyclonal antibody, Fab^ fragments, or be of human 
20 oripa, animal origjn, for example, mouse origm, or of chimeric origin. Additional 

targeting Ugands include dipytidamole; digitalis; nifedipine; apolipoprotein; low density 
Upoproteins (LDL), including a-LDL, vLDL and metiiyl LDL; ryanodine; endotiieUn; 
complement receptor type 1; IgG Fc; beta 1-adrenergic; dihydropyridine; adenosine; 
mineralocorticoid; nicotinic acetylchoUne and muscarinic acetylcholine; antibodies to tiie 
25 human alpha 1 A-adicnergic receptor, bioactive agents, such as drugs, including tiie alpha 
l-antagonist prazosin; antibodies to fte anti-beta-receptor, drugs which bind to the anti- 
beta-receptor, anti-cardiac I^R anUTxHUes; endotiwUn-l, which is an endotfieUal ceU- 
derived vasoconstrictor peptide tiiat exerts a potent positive inotropic effect on cardiac 
tissue (endotiieUn-1 binds to cardiac sarcolemmal vesicles); monoclonal antibodies which 
30 may be generated to tiie T cell receptor alpha-beita receptor and tiiereby employed to 
generate targeting Ugands; tiie complement inhibitor sCRl; drugs, peptides or antibodies 

which are generated to flie dihydropyridine receptor, monoclonal antibodies directed 
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towaixls the antiinteiieukin 2 receptor may be used as taigeting ligands to direct die 
present compositions to areas of myocardial tissue which express this receptor and which 
may be up-regulated in conditions of inflammation; cyclosporine for directing sunilariy 
the compositions to areas of inflamed myocardial tissue; methylisobutyd isonitrile; lectins 
S which bind to specific sugars on membranes of cardiac myocytes and cardiac radothelial 
cells; adrenomedullin (ADM), which is an endogenous hypotensive and vasorelaxing 
peptide; atrial natriuretic peptide (AMP); C-type natriuretic peptide (CNP), v*ich is a 22 
amino acid peptide of endothelial cell origin and is structurally related to atrial natritiretic 
peptide but genetically di^ct, and possesses vasoactive and antimitogenic activity; 

1 0 vasonatrin peptide (VNP) vAnch is a chimera of atrial natriuretic peptide (ANP) and C* 
type natriuretic pq)tide (CNP) and comprises 27 amino acids; thrbmbii^ endothelium* 
derived relaxing &ctor (EDRF); neutral endopepddase 1 (NEP- 1); competitive inhibitors 
to EDRF, mcluding, for example, NG<monpmethyl-L-arguune (L-NMMA); potassium 
channel antagonists, such as diaiybdotoxin and glibenclamide; antiheait antibodies, vMch 

IS may be identified in patients witii idiopathic dilated cardiomyopathy but which preferably 
do not elicit cytolysis in the myocardium; antibodies directed against the adenine 
nucleotide translocator, the brandied-chain keto acid dehydrogenase or cardiac myosuu 
specific antagonists for the endotfaelin-A recqitor, vfbich may be te&md to as BQ-123; 
and antibodies to the angiotensin n Koqptot. 

20 Two of the major antigens of heart sarcolemmal are calcium binding 

glycoproteins v^ch copurify with the dihydropyridine receptor. Antisera may be raised, 
including polyclonal or monoclonal antibodies, against purified sarcolem^ These 
antibodies may also be enq>loyed as targeted ligands. Purified fiactions of the calcium 
binding glycoproteins may be isolated fiom the plasma miembranes of the sarcolemma and 

2S then used to generate antibodies. ANP, ^ch, as noted above, may be used as a taigeting 
ligand, can be obtained fiom cultures of human aortic endothelial cells. ANP is generally 
localized in endothelium, but also may localize to the endothelial or myocardial tissue. 
ANP may be prepared, for example, using recombinant techniques, as well as by synthesis 
of the peptide using peptide syntiiesis techniques well known to those skilled in the art It 

30 is also possible to use an antibody, either polyclonal or monoclonal, directed towards 
ANP. Similariy, a peptide directed to ANP may be used for taigetmg endothelial and/or 
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myocardial cells. Both the p and a foitns of atrial natriuretic factor may be used as 
potential targeting ligands for directing the present compositions to myocardial tissue. 

A wide variety of targeting ligands may be employed to direct the present 
lipid compositions, and particularly vesicle compositions, to the GPIIbllla receptor. 
5 Compositions which are directed to the GPIIbllla receptor are highly useful for targeting 
vascular thromboses or clots, and are useful for diagnosing, as well as treating such clots. 
Included among such targeting ligands are, for example, peptides, such as Arg-<jly-Asp- 
Ser (RODS), Gly-Arg-GIy-Asp-Ser-Pro (GRGDSP), and Gly-Pro-Arg-Pro (GPRP). 
Pentapcptides containing the sequence Arg-Gly-Asp (RGD) are also useful including, for 

10 example, G4120, vdiich is a cyclic peptide containing the amino acid sequence Arg-Gly- 
Asp(RGD). Also useful are peptides derived fomhuixian coagulation Factor 
including, for example, fiagments such as 
NKUVRRGQSFWQroFSRPYDPRRDI^ 
KWGAKIVMREDRSVRLSIQSSPKdVGKFRMYVA\^^ 

15 IWWCEDDAVYIJJNEKEREEYVU^IGV^ where R' 

is -CONH2 or ^NHj* In addition, peptides which are fiagments of the Factor XIQA 
fiagment, which include in then: sequence the sequence 
NKLIVRRGOSFYVQIDFSRPYDPRRD or 
DDAVYIJ>NEKEREEYVLNDIGV^TGEV^ro 

20 Additional peptides which may be usefid as targeting ligands for targeting 

the GPUbnia recqitor include, for example, peptides oonqnising the tripeptide sequence 
of arginine-tyrosine-aspartic acid (Arg-Tyr-Asp; also abbreviated RGD), Imked fiom 
amino4o<aifo63qr-teiminus and which may bmd to the GPHblHa binding region on 
activated platelets. Exemplary of such peptides indude, fi>r example, pep 

25 general formula R*-(X*VArg-Tyr-Asp<iOo-(X^-R?. whcrem each of X*, and Y may 
independently be one or more amino acid residues while, in certaui cases, it is preferred 
thiot Y is otiier than a serine or alanine residue, and each of m, n and o is independentiy 0 
or 1 , provided, in certain cases, tiiat vAisn m is 1 , tiien o is 1 , and R' is a protected or 
unprotected terminal amino group and R' is a protected or unprotected terminal cfarfooxy 

30 group. In a preferred embodiment, X' is tiie peptide Ala-Arg-Arg-Sar-Ser-Pro-Ser-Tyr- 
Tyr and X^ is the peptide Gly-Ala-Gly-Pro-Tyr-Tyr-Ala-Met-Asp-Tyr. Useful peptides 
include Arg-Ser-Pro-Ser-Tyr-Tyr-ArgTyr-Asp<jly-Ala-^ly-Pro-T^^ 
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Tyr and Ala-AiB-Aig-Ser-Pro-Ser-TVr-Tyr-Aig-Tyr-A 
Met-Asp^Tyr. 

Synthetic compounds which combine a natural, amino acid sequence with 
synthetic amino acids can also be used as the targeting ligand, such as a fibrinogen 
S receptor antagonist compound which comprises the sequence XX-Gly-Asp, wherein XX is 
a synthetic a-amino acid containmg a linear side chain, such as 

NH 

— (CH2)fr'AA— (CHz) r"N-C~NHR 

wherein n + n' is 3 ; AA is a angle bond; and R is phenyl or benz}1 ; 
or -r-<CH2)n— AA— (CH2),r-NHR, vd&erem n is an integer of 1 to 4; n* is an integer of 2 
to 4; AA is oxygen, sulfur or a ^ngle bond; and R is H, C|^ all^l, optionally substituted 
1 0 axyl, optionally substituted ai^etiiyl or optionally substituted cycloall^ provided, in 
certain cases, that when AA is a single bond and R is H, then n + nMs oft 

Another such compound conq>rises a fibrinogen receptor antagonist of the 

formula: 




wherein XX is a synthetic a*^anino acid containing a linear side chain having tiie formula 

NH 

(CH2)ir^M— (CH2)^r"N--C-NHR 



IS wherdnn + n*is3;AAisasinglebond;andRisidienylorbenzyl;or 

— (aij)^— AA-KCH2)ar'-NHR, wherein n is an integer of 1 to 4; n* is an integer of 2 to 4; 
AA is oxygen, sulfur or a suigjie bond; and R is H, C allgrl, optionally substituted 
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cycloalkyl, provided that, in certain cases, when AA is a single bond and R is H, then n + 
n* is other than 3 or 4, and ZZ is a sequence of 1 to 4 optionally substituted amino acids« 

Other useful peptide;s for use as targeting Ugands include, for example, 
"Elegantin", which has the following sequence: Gly-<}lu-Glu-<]ys-Asp-Cys-Gly-Ser-Pro- 
5 Glu-Asn-Pro<^<::ys-Aq>-AlarAk-Thr<;ys-Lys-I^u-Ar^ 
Asp-Gly-I^u-<:ys<:ys-Asp-Ghi4::ys-Aig-Phe-^ 
Aig'<jly-Asp-Asn-Pro-Asp-Asp^Arg-<^Thr<}ly-Gln-Ser-Ala- 
Gly-Tyr, wherein each of R and R* is mdependently any amino acid; **Albolabtin**, which 
has the following sequence: Glu-Ah<jly-<jlu-A8p<::ys*Asp-C^s-Gly-Ser-Pn>-Ak 
1 0 PnK^y5<?ys-Asp-Ak-Ate-Thr-<?ys-Lys^ 
LeurQy5<3ys-Asjp-Ghi<^ys-Scr-Phe-Mct-I^^ 
Gly-Asp-Aq>-Lcu-Asp-Aq)-Tyr-Cys-Asn'<jl^^ 

Leu-His-Ala; "Batroxostatin", vMch has the following sequence: Glu-Ala-Gly-Glu-Glu- 
Cirs-Asp-Cys-^ly-Thr-Pro-Glu-Asn-Pio<:ys-<^ 
15 Pro-<jly-Ala<<jhi<>)rs«Ala*<31u^jly-I^UrC^^ 

Gly-Lys-ne<>ys-Arg-Aig-AIa-Aig-<jly-Asp-Asn-Pro-Asp-^^ 

Ala-Asp-Cys-Pio-Arg-Phe; and "Flavoridin", vMA has the following sequence: Gly-Gly- 
Glu-Cys-Asp-Cys-Gly-Scr-Pro-Glu-Asn-Pro<^-C^ 
Aig-Pro-Gly-Ala-<jln<:ys-Ala-Aq)-Gly-Leu-^^ 
20 Aig-Thr-Ile<>^Arg-'ne-Ala-Aig-<Hy-Asp-Phe-Pro-Asp^Asp-^ 

Ala-Asp-Cys-Pio-Arg-RrAsn-Asp-Leu, wherein each of R and R is independently any 
aminoacid 

Other Ugands usefiil for targeting die GPIIbllla recqitor include synthetic 
cbmpoiinds, such as Ac-(D)Phe^Pn>4)oroAig and idle c}^^^ 

25 aminobutyrate-N-Methyl-L-Arginji-Glycyl-L^ acid) 
methanesulfonate salt Peptides that can also be used include a libraiy of hexapeptides 
flanked by cysteme residues (c^ble of forming cyclic disulfides) and cyclic, disulfide- 
bonded forms of peptides with the sequence Arg-Gly-Asp or Lys-Gly-Asp, as well as the 
caiboxyl'teiminal derived peptide, REYWMWK. Certain matrix glycoproteins such as 

30 Thrombospondin are also useful in this regard. Members of the serpin family of serine 
protease inhibitors, such as Plasminogen activator inhibitor type 1 (PAI-1) are other usefiil 
ligands. 



WO9d/402S5 .53. PCTAJS96/a9938 

Generally Speaking, it is prefened to employ as targeting Uganda 
GPnbma receptor a peptide having from about 3 to about 20,amino acids, with peptides 
having fit)m about 4 to about 1 S amino acids being more prefened. Even mote preferably, 
targeting ligands for the GPIIbllla receptor may comprise peptides having &om about 4 to 
5 about 8 amino acids> with pq>tides having fiom about 4 to about 6 amino acids or about S 
amino acids being still more prefened If desired, the peptides may be cyclized, for 
example, by (1) sidechain-to-sidechain covalent linkages, including, for example, by the 
fi3nnadon of a disulfide linkage via die oxidation of two thiol containing amino acids or 
analogs thereof including for example^ cysteine or penicillamine; (2) end-to-sidecham 

1 0 covalent linkages, including, for exanq)le» by the use of thie amino terminus of the amino 
acid sequence and a sidechain carbox^e groiq), such as, for example, a non-critical 
glutamic acid or aspartic acid ffoup. Alternatively, the end-to-sidechain covalent linkage 
may involve the caiboxylate terminus of the amino acid sequence and a sidechain amino, 
amidine, guanidine, or otiier group in the sidechain vMch contains a nucleophilic nitrogra 

1 S atom, such sidechain groups including, for example, lysine, aipnine, homoar^nine, 

homplydne, or the. like; (3) end-to-end covalmt linkages that are covalent amide linkages, 
orthelike. Such processes are well known to those skilled in the art. Inaddition, 
"^pseudocyclization" may be enq>loyed, in wluch cyclization occurs via non^covalent 
interactions, such as electrostatic interactions, which induces a folding of the secondary 

20 structure to fonn a type of cyclic moiety. It is contemplated that metal ions may aid tiie 
induction of a ''pseudocyclic" fomiation. This type of pseudocyclic formation may be 
analogous to **zinc fingers/* As known to one ofordinaiy skill in the art, anc fingers 
mvolve the formatioti due to electrostatic interactions between a zinc ion (Zoj^) and 
cysteine, peaiicillamine and/or homocysteine, of a region in the shape of a loop (the 

25 finger). In the case of homocysteine, the RGD sequence would reside at the tip of the 
finger. Of course, it is recognized that, in the context of the present invention, any type of 
stabilizing cyclization would be suitable as long the recognition and binding peptide 
ligand, such as, for example, RGD, maintains the proper conformation and/or topography 
to bind to the appropriate receptor in clots with a reasonable Michaelis-Menten constant 

30 00 binding constant As used herein, the tenn "confomiation'* refers to the three- 
dimensional oiganization of the backbone of the peptide, peptoid, or pseudopeptide, and 



wo 96/40285 -59- PCT/US9dA)9938 

the tenii "topography", as used herein, refers to the three-dimensional organization of the 
sidechaia of the peptide, peptoid, or pseudopeptide. 

Other suitable targetiiigligands include the foUowiiigconipounds: Ac-Cys- 
Aig-Gly-Asp-Met-Phe-Gly-Qrs-CONHa; Ac-Cys-Arg-Gly-Asp-Met-Leu-Arg-Cys- 
5 CONH2; Ac5-Cys-Arg-<Jly.Asp-Phe-I^u-Asn-C^<:OhK^ 

Gly-Asp-Cys-CONHj; Ac-Cys-Asn-Tip-Lys-Arg-GIy-Asp<>jrs-eONH^ and Ac-Cys-N- 

niethyl-Arg-Gly-Asp-Pen-CONHj, where **Pen" refers to p^^ 

dimethylcysteine). 

Other compounds which may be used as targeting iigands include peptides, 
10 or derivatives thereof represented by the fonnula 

A-B-Arg-Gly-Asp-C-D 

i^erein: 

A is proUne, tUoproline, hydroxyiproline, dehydroproline, 2k)xo-4^ 
thiazolidine cartx>:^c acid, N-alkyl glycine or an amino acid derivative of the formula 



Y (CH2)rr-co— 

IS tiyptophaii^br a ttyptofduuideriVative of die fonnula 



(CH2)q-CH-f% 
CO— 



pyroglutamic acid or 2<a»tidinone-4<arb^ 

B is serine, glycine, valine, alanine, tibreonine or p-^lanine; 

C is an amino acid group having a hydrophobic functional group; and 

D is hydroxy or amino; 

20 v^erein: 
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R, is hydrogen, -{CH^JCaj or -CCKCH2)pCH3. 
Rj is hydrogen or alkyi; 
R3 is hydrogen or alkoxy; 
is hydrogen or alkyl; 
5 R5 is hydrogen, amino or acylamino; 

m is an integer of 2 to S; 
n is an integer of 0 to 2; 
p isanintegerof Oto S; and 
q is an integer of 0 to 3. 

1 0 Another targeting ligand may be suitable for use in connection with 

the present compositions is a peptide, a peptide derivative, or a salt thereof having the 
formula 

A-B-Axg-Gly-Asp-C-D 

wherein: 

IS Aisaioticacidorhydrooroticacid; 
Bis an amino acid; 

C is an amino acid having a hydrophobic fimctional group; and 

D is hydroxy or amino. 
In the above compounds, examples of amino acids having hydrophobic functional groups 
20 in the definition of*^** are tryptophan and phmylalanine. 

Various peptides which would be suitable for use as a targeting ligand in 
connection with the present invention, especially for targeting GPIIbllla^ axe disclosed, for 
example, m Sato et aL, U.S. Patent No. 5,498,601 and the foUovdng published European 
Patent AppUcations: 0 368 486 A2, 0382 451 A2, arid 0 422 938 Bl, tiie disclosures of 
25 which are hereby incorporated herein by reference, in their entirety. Otii^ 

ligands which may be used in the compodtions of tiie present invention, in addition to 
those exemplified above, would be apparent to one of ordinary skill in the art, once aimed 
with the present disclosure. Other suitable targeting ligands include, for example, 
conjugated peptides, such as, for example, glycoconjugates and lectins, which are peptides 
30 attached to sugar moieties. The compositions may comprise a single targeting ligand, as 
well as two or more different targeting ligands. 



WOM/40285 .|;}. PCT/US96y09938 

There aie al«> provided, in acconlance vntfa tbe present m 
compoiuiuls having the formula 

Rr-Xi 

RfXrfVC-M-XrZ-Xa-Q 

vmerein: 

each X, is independently -SO-, -SOj-, -NR,-, -X^-CC^^Xsh 

5 -C(=X5>X4- or -CC^Xj)-; 

each of X2 and X3 is independently a direct bond, -R5-X4-C0='X5K 
.R5-C(=X5>X4, .X4-C(=}g).Rr, <:(=5«-X4- 
-R,.X4-C(«X5>R5-C(«X5)-X4- or-IVC(-X5)-X4-RrXrC(=X^; 

each X4 is independently -0-, -NR4- or -S-; 
10 each X5 is independently O or S; 

M is -R5-X4-C(=X5K -R5-C(=3Q)-X4., -RrX4-(YX5)P(=X5>.Xr or 
.X4-(YX5)P(=X5).X4-R5S 

Y is hydrogen or a pfaaimaceutically acceptable counter ion; 

Z is a hydiophilic polymer, 
IS Q is a targeting ligand or a precursor thereto; 

each R| is independently all^l of 1 to about SO carbons; 

each R2 is independently alkylene of 1 to about 30 carbons; 

each of and R4 is independently hydrogen or alkyl of 1 to about 

10 carbons; and 

20 each is independently a direct bond or alkylene of 1 toaboutSO 

carbons. 

In the above formula, it is intended that when any symbol appears more 
than once in a particular formula or substituent, its meaning m each instance is 
independent of the other. 
25 Also in the above formula, it is intended that when each of two or more 

adjacent symbols is defined as being a "direct bond'* to provide multiple, adjacent direct 
bonds, the multiple and adjacent direct bonds devolve into a single direct bond 

In the above formiila, each X, is independently -0-, -S-, -SO-, -SOj-, -NR^-, 
'X4'C{-X^y, -C(=X5)-X4- or -0(^X5)-. In preferred embodiments, each X, is 
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independentiy •X4-C(=X5>, -CC^Xj^Xi- or -CC^XjK More preferably, each X, is 
independently 'X^-CirX^ or -C(=X5>X4-, Even more preferably, X, is -C(=X5>X4-, for 
example, -C(=0)-0-, 

In the above foimula, each of X, and X3 is independently a direct 
5 bond,-RrX4<X=X5K-J^-C(=X5>X4,-X4<X=X5).R5.,^ 

-X4-R5<^(=X5)-X4.,-R5-X,-C(=X5>R5^=X5>X4-or.R^ In 
preferred raibodiments, each of Xj and X3 is independently a direct bond, -RjrXi-CC^^K 
.R,-C(=X5>.X4, -X4-CC=X5)-R^-, -C(=X5)-X4.R5-, •X4-R5-C(=X5>X4- or 
-R5.X4-C(='X5>RrC(-X5)-X<-. More preferably, Xj is -CHjCHj-CXO^NH- or 
10 rCH2CH2NH-C(=0)-CH2CH2-C(K)>NH- and X3 is a direct bond, -C(=0)-NH-, 
-NH-C(=0)-, .NH-q=0)-CHj, -NHCH2-C(^>NH- or -NH-CCO^CHjCHj. 

In the above formula, each X4 is independently -0-, -NR4- or 
Pieferably, each X4 is independently -O^ or -NR,-. 

In the above formula, each X5 is independmtlyO or S. Preferably, X5 is O. 

15 Intheabovefonnula,Mis-R5-X4-C(-X5K-R5-C(=X5>3C4-. 

-R5-X4<5fX5)P(=X5)-X4-or-X4<VrX5)P(=X;5)^^ fa certam preferred embodiments, 
M is .RrX4-C(=X5> or •R5-X4-(YX5)P(=X5>X4-, vdth M more preferably being 
-CH20-C(=0) or -CH20-(H0)P(=0)-0-, hi certain other preferred embodunents, M is 
-R5-X4-C('^X5)-or-R5rC(=Xj)-X4-. hi yet otha: preferred embodunents. Mis 

20 -R5-X4-(YX5)P(=X5)'X4- or •X4-(YX5)P(=X5)-X4-R5-. wherein at least one of X4 or X5 is S. 

In the above formula, Z is a hydrophiUc polym^. Preferably, Z is selected 
fix>m the group consisting of polyalkyieneoxides, polyvir^l alcohol, 
polyvinylpyrrolidones, polyacrylamides, polymetfaaci^amides, polyphosphazenes, 
poly(hydroxyalkylcarboxyiic acids) and polyoxazolidines. More preferably, Z comprises 

25 a polyalkyleneoxide. Even more prbferably, Z is a polyall^leneoxide selected fiom the 
group consisting of polyethjdene glycol and polyprop)4ene glycol, with polethylene glycol 
being still more prefenred. In certain other preferred embodiments, Z is a hydrophilic 
polymer other than polyalkjdeneoxidcs, includuig polyethylene glycol and polypropylene 
glycol. The molecular weight of Z may vary, depending, for example, on the particulaur 

30 end-use of the compounds. Preferably, Z is a polymer having a molecular weight which 
ranges fiom about 100 to about 10,000, and all combinations and subcombinations of 
ranges therem. More preferably, Z is a polymer having a moecular weight of fiiom about 
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1,000 to about 5,000. Also piefened are polymers which exhibit polydispersities ranging 
from greater than about 1 to about 3, and all combinations and subcombinations of ranges 
therein. More preferably, Z is a polymer having a polydispersity of fix)m greater than 
about 1 to about 2, with polydispersities of from greater than about 1 to about 1 .5 being 
S even more preferred, and polydi^rsities of from greater than about 1 to about 1 2 being 
still more preferred. 

In the above formula, Q is a targeting ligand or a precursor thereto. In 
embodiments where Q is a targeting ligand, Q preferably targets cells or receptors selected 
from the group consisting of myocardial cells, endothelial cells, epithelial cells, tumor 

1 0 . cells and the glycoprotein GPHbllla receptor. In certain preferred embodiments, Q targets 
cells or receptors selected from the group consisting of myocardial cells, endothelial cells, 
epithelial cells and the glycoprotein GPIIbllla receptor. ' In addition, in embdoments where 
Q is a targeting ligand, Q is preferably selected from the group consisting of proteins, 
peptides, saccharides, steroids, steroid analogs, bioactive agents, and genetic material. In 

IS these latter embodimeiats, Q is peferably selected from the ffoup consisting of proteins, 
peptides and saccharides. In embodiments vdiere Q comprises a peptide, Q is preferably 
the peptide -Lys-Gfai-Ala-Gly-Asp-Val or a cyclic peptide, such as DMP 728. {See, e.g., 
Mousa et al^ Thrombosis Research, Vol. 76 P), pp. 109-1 19 (1994), tfie disclosures of 
which are hereby incorporated herein by reference, in tiidrentirey.) In embodiments 

20 where Q comprises a protein, Q Is preferably Protein A. In embodments v^ere Q 
comprises a saodiaride, Q is preferably a monosaccharide, with mannose and glucose 
being more preferred. In embodiments i^ereQ is a precursor to a targetmg ligand, Q 
preferably comprises a partially unsaturated or aromatic 5- to 7Hnembered monocyclic 
: ring containing 1 or 2 N, O or S atoms, and more preferably a maleiixiide moiety or a 

25 pyridfyl moiety. 

In the above formula, each R| is indqiendentiy alkyl which ranges from 1 
to about 50 carbons, and all combinations and subcomlmiations of ranges therein, or 
alkenyl of from about 2 to about 50 carbons, and all combinations and subcombinations of 
ranges tfaereitL Preferably, each R| is indqioidentiy aUcyl of greater than 1 to about 40 

30 carbons. More preferably, each R, is mdependentiy alkyl of about 5 to about 30 carbons. 
Even more preferably, each R, is independentiy alkyl of about 10 to about 20 carbons, 
with alkyl of about 1 5 carbons being still more preferred. In certain preferred 
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embodiments, R| is a shorter chain alkyl of from 1 to about 20 caibons. In certain other 
preferred embodiments, R, is a longer chain aUcyl of from about 20 to about SO carbons, or 
about 30 to about SO carbons. 

hi the above formula, each Rj is independently alkylene vMch ranges fiom 
S 1 to about 30 carbons, and all combinations and subcombinations of ranges therein. 
Preferably, each Kj is independently allglene of 1 to about 20 carbons. More preferably, 
each R2 is independently all^lene of 1 to about 10 carbons. Even more preferably, each 
R2 is independently aU^lene of 1 to about 5 carbons, with methylene being especially 
preferred* 

10 In the above formula^ each ofRs and R4 is independently hydrogen 

or alkyl v4iich ranges from 1 to about 10 carbons, arid all combinations and 
sobcombinatioiis of ranges therein. Preferably, eadi of R3 and R4 is hydrogen or alkyl of 1 
to about 5 carbons. More preferably, each of R3 and R| is hydrogeiL 

In the above formula, eadi R5 is independently a diiect bond or 
IS dl^lene \vUch ranges from 1 to abom 30 carbons, and all conibinations and 

subcombinations of ranges therdiL Preferably, each R5 is independently a direct bond or 
alkylene of 1 to about 20 carbons. More preferably, each R5 is independently a direct 
bondorall^eneofl to about 10 carbons. Even more preferably, each R5 is 
independently a direct bond or alkylene of 1 to about S carbons. Still more preferably, 
20 each R5 is a direct bond or -(CH2)|(-, where X is 1 or2. 

There are also provided herein compounds of the formula 

L-P-T 
wherein: 

L is a lipid, protem or polymer; 
2S P is a hydrophilic polymer; and 

T is a targeting ligand. 
In preferred embodiments, L is a lipid selected from the group consisting of lecithins, 
phosphatidylcholines, phosphatidylserines, phosphatid)4inositols, cardiolipins, 
chdiesterols, chdlesterolamines, lysophosphatidcs, erythro-sphingosines, sphingomyelins, 
30 ceramides, cerebrosides, saturated phospholipids, imsaturated phospholipids, and krill 
phospholipids. More preferably, L is a lipid is selected from the group consisting of 
lecithins, phosphatidylcholines, phosphatidylserines and phosphatidylinositols. In other 
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preferred embo(timents» L is a lipid selected fiom fhe group consisting of 
l^-diacyl-sn-glycero-3-phosphocholiiies, i;2-diac^-sn-glycero-3*phosphoetfianolamines, 
1 ,2-diacyl-sn-giycei!0-3''[phospho-nic-(l*giycerols)], 1 ,2-diacyl-sn-glycero^3^hosphates, 
l^Kfiacyl-sn-glycero-3-[phosphoseiiiies], lysophosphaticfyicholines, 

S lysophospIiatidylglycen>ls9 l,2Hdiac^-sii-^yceiols, 

caproyiamine)-l^-<lia(r)rl-sn-g}ycero-3-phosphoetiiaTO N-dodecanylamine- 
l,2-<Uac^-sii-^ycero-3-pho^hoetfianolainines, N-succinyl-l,2-diacyi-a[i-glycero-3- 
phosphoeflianolamines, N*^utaiyl-l^-^ac^-sn-gIycen>-3^hosphoethanoIamines and 
NKiodecanyl-l,2Kfiac^-sn-glycero-3-plio^hoedianolam^ More preferably. Lis a 

1 0 lipid selected &om the group condsting of l,2"dia<^l-sn-gIycero-3-phdsphocholines, 
1 ^-diaGyl-ai-glycero-3-pho^hoetfianolanunes, 

l^-diac^-sn-glycero-3-Q)hospho-rao-(l-glycerols)], l,2-diacyl-sn-gJycero-3-phosphates, 
1 ^-diac34^sn*glycero-3-[phosphoserines], lyspphosphatidylcholines, 
lysophosphatid^glycerols and 1^-dia^-sn-glycerols. 

IS In other preferred embodiments, L is a protein which comprises albumin. 

In still o^ preferred embodiments, L b a polymer which comprises synthetic polymers 
or copolymers prepared fiom monomers selected fiom die group consisting of acinic acid, 
metfaacrylic acid, ethjdeneimine, crotonic acid, acijdamide, ethyl acrylate, methyl 
methacrjiate, 2-hydroxyethyl mcthacrylate, lactic acid, glycolic acid, €-caprolactone, 

20 acrolein, cyanoacrylate, bisphenol A, epichlorhydrin, hydroxyalkylacrylates, siloxane, 
dimethylsiloxane, ethylene oxide, propylene oxide, ethylene glycol, 
hydioxyalkylmetiiaciylates, N-substituted aciylamides, N-subsdtuted methacr^anudes, N- 
vinyl-2-pynolidone, 2,4-pentadiene-l-ol, vinyl acetate, aciylonitrile, styrene, p-amino* 
styrene, p-amindbenzjistyrene, sodium styrene sulfonate, sodium 2-sulfoxyethyl- 

25 methacrylate, vinji pyridine, aminoetfayl methacrylates and 2-methacryloyloxytrimethyl- 
ammonium chloride. Also preferred are compounds where L is a polymer which 
comprises synthetic polymers or copolymers selected fiom the group consisting of 
polyacrylic acid, polyethyleneimine, polymethacrylic acid, polymethylmethacrylate, 
polysiloxane, polydimediylsiloxane, polylactic acid, poly(e-caprolactone), epoxy resin, 

30 poly(ethylene oxide), poly(propylene oxide), poly(ethyIeiie glycol), polyamide, 
poly^inylidene-polyacrylonitrile, polyvinylidene-polyaciylonitrile- 
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polyme%ImetfaaciyIateandpolys(yi^^ Piefeiied among these 

polymers is polyvinylicteie-polyacEylonitrile copolymer. 

In (he above compounds. Pis a hydiophilic polymer. Preferably, Pisa 
hydrophilic polymer selected fiom the group consisting of polyalkyleneoxides, polyvinji 
S alcohol, polyvin^pynx>lidones,polyaciylanu 

polyphosphazsenes,poly(hydroxyallgrlcadx)xyUc acids) a^ More 
preferably, P is a polyattc^eneoxide polymer, vitfa pplyedqrlene glycol and polypropjdene 
glycol bdng even mote preferred and polyetl^ene glycol being particulariy prefened. 

Intheabovefomiula,Tisataigetingligand. Preferably, T is a targeting 

1 0 ligand targets cells or receptors selected fiom the group consisting of myocardial 
cells, endothelial cells, epithelial cells, tumor cells and the glycoprotein GPUblQa 
leceptor. Also in prefened embodiments, T is a targeting ligand selected fiom Ae group 
consisting of proteins, peptides, saccharides, steroids, steroid analogs, bioactive agents and 
geiiistic material, vdtfa proteins, peptides and saccharides being more preferred. Also 

15 pireferted are targeting UgandsiKiiich target regions of arteriosclerosis,^ 
adierosclerotic plaque. 

In the case of targeting ligands which con^rise saccharide groups, suitable 
saccharide moieties include, for example, monosaccharides, disaccharides and 
polysaccharides. Exemplary moiiosaccharidesnaay have six carbon atoms and these 

20 sacchmdes include aUose, altn)se, glucose, niarmose, gdose, idose, gaiacto 

fiuctose, psicose, verbose and tagatose. Five carbon saccharids include ribose, arabinose, 
xylose, lyxose, ribulose and xylulose. Four carbon saccharides include eiythrose, threose 
and erythrulose. Disaccharides include suoose, lactose, maltose, isomaltose and 
cellobiose. Saccharide bearing targeting lipids may be synthesized throu^ a multistep 

25 organic synthesis approach, as described more fiiUy hereinafter. For example, lipids 
bearing targeting glucose moieties may be prepared by reacting, for example, a- 
glucopyianosyl bromide tetraben^l with co-trifluoroacetylaminopolyethylene^ycol to 
obtain o-glucopyranosyl tetrabenzylKo'^rifluoroaceQiaminopolyethyleneglycol. This 
may then be hydrolyzed in a sodium carbonate or potasium carbonate solution and then 

30 hydrogenated to obtain co-glucopyranpsjd-co'amino-polyethyleneglycoL 

Aminoglycopyranosyl terminated polyethjdeneglycol may then react with N-DPGS- 
succinimide to form the lipid bearing saccharide DPGS*NH-P£G-Glucose. Also prefened 
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are taigeting ligands which tai^get infisucted myocardium. In certain embodiments, (he 
targeting Ugands target cancer cells. 

The foregoing preferred embodiments of the compounds of the present 
invention are preferred for various reasons, including ease of synthesis, diagnostic 

S efficacy, enhanced biocon^)atibility, and/or improved targeting efficacy. 

The targetmg ligand may be incorporated m the present compositions in a 
varietyofways. GeneraUyspealdng, the taig^iigUgaiuiinay be incorporated in the 
present compositions by bemg associated covalently or non-covalently with one or more 
of die materials vMdk are included in the compositions, including, for example, the lipids, 

10 luteins, polymers and/or au}dUaiystabilizmg materials. In preferred form, the targeting 
ligand is associated covalently with one or more of the aforementioned materials contained 
in the present compositions. As noted above, preferred compositions of the present 
invention comprise lipid, protein or polymer compounds. In these coinpositions^ the 
targeting ligands are preferably associated covalenfly with the lipid, protem or polymer 

IS compounds. 

Exemplary covaient bonds by which tiie targeting ligands are associated 
with th<e lipids, proteins, polymers and/or vesicles include, for exanq>le, amide («CONH-); 
thidamide (-CSNH-); etiier (ROR*, where R and R* may be the same or dififdient and are 
bflier dian hydrogen); ester (-C00-); thioester (-COS-); -0-; -S-; -S„-, vfhm n is greater 

20 thaii 1 , preferably about 2 to about 8, and more preferably about 2; carbamates; -NH-; « 
NR-, wfam R is all^, for example, allgi of from 1 to about 4 carbons; uretiiane; and 
substituted imidate; and combinations of two or more of tiiese. Covaient bonds between 
targeting ligands and, for exs^nple, lipids, may be achieved through the use of molecules 
tiiat may act as spacers to increase the conformiational and topographical flexibility of the 

25 ligand. Examples of such spacers include, for example, succinic acid, 1 ,6-hexanedioic 
acid, 1,8-octanedioic acid, and the like, as well as modified amino acids, such as, for 
example, 6-aminohexanoic acid, 4-aminobutanoic acid, and the like, hi addition, in the 
case of targeting ligands \siiich comprise peptide moieties, sidechain-to-sidechain 
crosslinldng may be complemented with sidechain-to-end crosslinking and/or end-to-end 

30 crosslinking. Also, small spacer molecules, such as dimethylsuberimidate, may be used to 
accomplish similar objectives. The use of agents, including those used in Schiff s base- 
type reactions, such as gluteraldehyde, may also be employed. The SchifiFs base linkages. 
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^ch niay be reversible linkages, can be rendered more permanent covalent linkages via 
the use of reductive amination procedures. This may involve, for example, cheinicai 
reducing agents, such as lithium aluminum hydride reducing agents or their milder 
analogs, including lithium aluminum diisobutyl hydride (DIBAL), sodium borohydride 
5 (NaBHJ or sodium cyanoborohydride (NaBH^CN). 

The covalent linking of the targeting ligands to the materials in the present 
compositions, including the lipids, proteins and/or polymers, inay be accomplished using 
synthetic organic tecbniques vMch would be readily apparent to one of onfinaiy skill in 
the art, based on the present disclosure. For example, the targeting ligands may be linked 

10 to the materials, including the lipids, via the use of well known coupling or activation 
agents. As laiown to the sldUed arti^ activating agents are generdly electro This 
electrophilicity can be employed to elicit the formation of a covalent bond« Exenq)lary 
activating agents which may be used include, for example, carbonyldiimidazole (CDI), 
dicyclohexylcaibodiimide (DCX^ diisopropylcarbodiixnide (DIG), methyl sulfon^ 

IS chloride, Castro's Reagent, and diphenyl phosphoryl chloride. 

Tlie covalent bonds may involve ax>sslinidng and/or polymerization. 
Crosslinking preferably refers to the attadunent of two chains of polymer molecules by 
bridges, composed of either an element, a groiQ), or a compound, v^ch join certain carbon 
. atoms oftfie chains by covalent chonical bonds. For example, crosslinking may occur in 

20 polypeptides i^charejoiiied by the disulfide bonds ofthe cystine residue. Crosslinking 
may be achieved, for example, by (1) adding a chemical substance (cross-linking agent) 
arid exposing the nuxture to heat, or ^) subjecting a polymer to hi^ energy radi^ A 
variety of axisdinkmg agmte, or "tellers", of different lengths and/or fimctionalities are 
described, for example, in R.L. Lunbland, Techniques in Protein Modification^ CRC Press, 

25 Inc., Ann Arbor, NO, p^. 249-68 (1995), the disclosures of which are hereby incorporated 
herein by reference, in their entuety. Exemplary crosslinkers include for example, 3,3- 
dithiobis(succinimidylpropionate), dimethyl suberimidate, and its variations thereof^ based 
on hydrocarbon length, and bis-N*maldmido-l ,8*octane. 

In accordance with preferred embodiments, the targeting ligands may be 

30 linked or attached to the lipids, proteins or polymers, or other stabilizing materials, via a 
linking group. A variety of linking groups are available and would be apparent to one 
skilled in the art, once armed with the present disclosure. Preferably, the linking group 
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comprises a hydrophilic polymer. Suitable hydropbilic liiiker polymers include, for 
example, polyallcy^leneoxides such as, for example, polyethylene glycol (PEG) and 
polypropylene glycol (PPG), polyvinjdpynolidones, polyvinylmethylethers, 
polyacrylamides, such as, for example, polymethacrylamides, polydimethylacrylamides 

5 and polyhydroxypropylmethaciylamides, polyhydroxyethyl acrylates, pol^ydroxypropyl 
methacrylates, polymethyloxazolines, polyeth)1oxazolines, pol)iiydroxyethyloxazolines, 
pol)1iyhydroxypiop)1oxazolines, polyvinyl alcohols, polyphosphazenes, 
poly(hydroxyalkylcaxboxylic acids), polyoxazolidines, and polyaspaitamide. The 
hydropbilic polymers are preferably selected ftom the group consisting of PEG, PPG, 

10 poly\dn^cohol and polyvinyipyrrolidone and copolymers thereof^ with PEG and PPG 
polymers being more preferred and PEG polymers being even more prefered. Thus, in 
embodiments involving lipid compositions which comprise lipids bearing polymers 
including, for example, DPPE-PEG, tte targeting ligand msy be linked directly to the 
polymer vdiich is attached to the lipid to provide, for example, a conjugate of DPPE-PEG- 

15 TL,v^ereTL is a targeting ligand. Thus, using the »campleDPPE*PEG, such as, for 
example, DPPE-PEGSOOO, the aforementioned conjugate may be represented as DPPE- 
PEG5000-TL. The hydrophiUc polymer used as a linking g^up is preferably^ 
bifimctional polymer, for example, bifimctional PEG, such as diamino-PEG. In this case, 
one end of the PEG group is linked, for exanq)le, to a lipid com(>ound, and is bom^ at the 

20 fiee end to the targeting li^d via an amide linkage. A hydrophilic polymer, for example, 
PEG, substitutied with a terminal caiboxylate ffovp on one end and a terminal amino 
groiq>ontheotiierend,mayalsobeused. These latter bifunctional hydrophilic polymer 
may be preferred ^nce tiiey possess various similarities to amino acids. 

Standard peptide methodology may be used to link the targeting ligand to 

25 the lipid when utilizing linker groups having two unique terminal functional groups. 

Bifunctional hydrophilic polymers, and especially bifimctional PEGs, may be synthesized 
using standard organic synthetic methodologies. In addition, many of these materials are 
avdlable commercially. For example, a-amino, o)-carboxy PEG is commercially 
available fiom Shearwater Polymers (Huntsville, AL). An advantage of using a PEG 

30 material as the linking group is tiiat tiie size of the PEG can be varied such that die number 
of monomeric subunits of ethylene glycol may be as few as, for example, about 5, or as 
many as, for example, about 500 or even greater. Accordingly, the ''tether" or length of 
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the linkage may be varied, as desired This may be important depending, for example, on 
the particular targeting ligand employed. For example, a taigeting ligand which comprises 
a laige protein molecule may require a short tether, such that it will sunulate a membrane 
boimd protein. A short tether would also allow for a vesicle to maintain a close proximity 
5 totiiecell* This can be used advantageously in connection with vesicles v^ch also 
comprise a bioactive agent, in timt the concentration of bioactive agent which is delivered 
to the cell may be advantageously inoeased 

Another suitable linking ffoxxp which may provide a short tether is 
glycecaldehyde, Glyceraldehyde may be bound, for exaxnple, to DPPE via a Schiffs base 

10 leaction. Subsequent Amadori reairaiigement can provide a substantially short linking 
group. The Pcarbonylofthe Schiffs base n[my then react with a lysirie or argmine of 
taigetmg protein or peptide to form the targeted lipid 

More spedfically, the conqx>unds employed in the present compositions, 
, including lipids, proteins and/br polymers, may contain various functional groiq>s, such as, 

15 for example, hydros, fliio and amine groiq)S, vMch can result with a carbo3^c acid or 
caiboxylic acid derivative of the hydrophilic polymeric linker using suitable coupling 
conditions vAdch would be apparent to one of ordinary skill in the art, once armed with the 
present disclosure. After the carbox^c acid groiqp (or derivative thereof) reacts with the 
functional giovp, for example, hydroxy, tfaio or amine gcoi^ to form an ester, ttiioester or 

20 aimde group, any protected functional group may be deprotected Utilising procedures 
wfaidi would be well known to those skilled in the art The term protecting group, as used 
herem, refers to axxy moiety viiblch may be used to block reaction of a fimctional group and 
wfaidi may be removed, as desired, to afford the unprotected fimctional ffonp. Any of a 
variety of protecting grotq>s may be CT^loyed and tfiese will vary depending, for example, 

25 as to whether the group to be protected is an aiiiiiie,hydrox]^ or carboxylm ffthe 
functional group is a hydroxyl group, suitable protecting groups include, for example, 
certam ethers, esters and carbonates. Sudi protecting groups are described, for example, 
in in Greene, TW and Wuts, POM *Trotective Groiq)s iii Organic Syntheas** John Wiley, 
New Yoik, 2nd Edition (1991), the disclosures of which are hereby incorporated herein by 

30 reference, in their entirety. Exemplary protecting groups for amine groups include, for 
example, t-butyloxycarbonyl (Boc), ben^loxycarbonyl(Cbz), o-nitrobenayloxycarbonyl 
and and trifluoroacetate CTFA). 
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Amine groups which may be present, for example, on a backbone of a 
polymer A^ch is included in the vesicles, may be coupled to amine groups on a 
hydrophilic linking polymer by forming a SchiflTs base, for example, by using coupling 
agents, such as glutaraldehyde. An example of this coupling is described by Allcock et 
5 al,,, Macromolecules Vol. 19(6), pp, 1502-1508 (1986), the disclosures of v^ch arc 
hereby mcorporated herein by reference, in their entirety. It for example, vesicles are 
formulated from polylysine, free amino groups may be exposed on the sur&ce of the 
vedcles, and these free amine groups may be activated as described above. The activated 
aimine groiq>s can be used, in turn, to coiq)le to a fimctionalized hydrophilic polymer, such 

10 as, for example, a«amino*o>-hydn>xy-PEG in M^ch the (i>-hydroxy group has been 

protected with a carbonate group. After the reaction is completed, the cazbonate groi^ can . 
be cleaved, thereby enabling the terminal hydroxy group to be activated for reaction to a 
suitable targeting ligand. In certain embodiments, the sur&ce of a vesicle may be 
activated, for example, by displacing dilorine atoms in chlorine-containing phosphazene 

IS residues, such as polydichlorophosphazine. Subsequent addition ofatazgetmg ligand and 
quenching of the remaining chloride groiq>$ witii water or aqueous methanol will yield the 
coupled product 

In addition, poly(dipheno3^hoq)l]azene) can be synthesized (Allcock et 
aL, Macromoleades Vol (1986) 19(6), iq>. 1502-1508) and unmobilized, for exanq)le, on 

20 DPPE, followed by nitration of the phenosty moieties by tiie addition of a mixture of nitric 
acid and acetic anhydride. Hie subsequent nitro groups may then be activated, for 
example, by (1) treatment with cyanogen bromide in 0.1 M phosphate bufifer (pH 1 1), 
foUowedby addition ofataigetuigUg^nd containing a fiee anunomoieQr to generate a 
coupled urea analog, (2) formation of a diazonium salt using podium nitrite/HCl, followed 

25 by addition of the tazg^ting ligand to fonn a coupled ligand, and/or (3) tiie use of a 

(fialdehyde, for example, glutaraldehyde as described above, to form a SchifPs base. After 
linkixig the DPPE to the hydrophilic polymer and the targeting ligand, the vesicles may be 
.fonnulaled utiliang the procedures described herein. 

Aldehyde groups on polymers can be ootq)led witfi amines as described 

30 above by forming a SchifPs base. An example oftlus coupling procedure is described in 
Allcock and Austin Macromolecules vol 14. pl616 (1981), the disclosures of ^ch are 
hereby incorporated herein by reference, in their entirety. 
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In the above procedures, the polymer or terminus of the lipid, for example, 
phosphatidylglycerol or phosphatidyletbanolamine, is preferably activated and coupled to 
the hydrophilic polymeric linker, the terminus of vdiich has been blocked in a suitable 
manner. As an example of this strategy, a-amino, (o-carboxy PEG-4000 having a t-Boc 
S protected terminal amino group and a fiee carboxylate end, may be activated with l,r- 
catbonyldiimidazole in the presence of hydroxybcnzotriazole inN-meth}ipyrollidone. 
After the addition of phospbatidylethanolamine, the t-Boc groiQ) may be removed by using 
tiifluoroacetic acid (TFA), leaving the fiee amine. The amine may then be reacted with a 
targeting ligand which may comprise, for example, a peptide, protein, alkaloid, or other 

1 0 moiety, by similar activation of the ligand, to provide the lipid«linker-targeting ligand 
conjugate. Other strategies, in addition to those exemplified above, may be utilized to 
prepare the lipid-linker-targeting ligand conjugates. Generally speaking, these methods 
employ synthetic strategies ^ch are generally known to those skilled in the art of 
synthetic organic chemistiy. 

IS As known to one of ordinary skill in the art, immunbglpbulins typically 

comprise a flexible region which is identified as die ^'hinge^' region. See, e.g.^ *X}oncise 
Encyclopedia of Biochemistiy", Second Edition, Walter de Gruyter & Co., pp. 282*283 
(1988). Fab' fiagments can be linked to file lipids, polymers, pn>teins and/or vesicles 
using the well-defined sites ofthe thiols of the hinge re^oiL This is a preferred region for 

20 coiq>ling Fab* fi:agments as the potential binding sdte is remote fixim the antigen- 
recognition site. Generally speaking, it may be difficult to utilize the thiols of the hinge 
grotip unless they are adequately prepared. In particular, as outlined by Shahinian and 
S^yiasiBiochimlcaetBioph^icaActa^VoX 1239(1995) 157-167) it may be unportant to 
reduce the thiol groups so thai tiiey are available for coupling, for example, to maleimide 

25 drnvatized linking groups. Examples of redudng agents conmionly used are 
ethaneditfaiol, mercq)toedumol, mercaptoethylamine or the more commonly used 
ditfaiothreitol, commonly referred to as Cleland's reagent. However, it should be noted 
that care should be exeidsed when utilizing certain reducing agents, such as dithiothreitol, 
as overreduction may result Discriminating iiseofreducing agents may be necessary in 

30 connection with proteins whose activity or bmding capacity may be compromised due to 
overreduction and subsequent denaturation or conformational change. See, e.g., 
Shahinian, S. and Salvias, J.R. (1995) Biochim. Biophys. Acta 1239. 157 - 167. 
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F(ab')2 antibody fiajginents may be prepared by incubating the antibodies 
with pepsin (60jig/mi) in 0,1 M sodium acetate (pH 4.2) for 4 h at 37**C. Digestion may 
be terminated by adding 2 M Tiis (pH 8.8) to a final concentration of 80 mM. Hie F(ab')2 
fiagments may then be obtained by centrifiigation (10,000 x g. 30 min. 4°C). The 
5 supernatantmay then be dialyzed at 4X against 150 mMNaCl, 20 n[iM phosphate at pH 
7.0. This then may be diromatographed on a column of Protein A-Sepharose CL-4B to 
remove any undigested IgG* The Fab* fiagments may tiien be prepared by extensively 
degassing tiie solutions and puiging with nitrogen prior to tise. The F(ab')2 fiagmen^ may 
be provided at a concentration of 5 mgAnl and reduced under argon in 30 mM cysteine. 

10 Alternatively, cysteamine may be employed. 100mMTris»pH7.6maybeused asa 

biififer for IS min at 37^C. The solutions may tfien be diluted 2-foId with an equal volume 
of the Impropriate experimental buffer and ^un through a 0.4 ml spin colunm of Bio-Oel 
P-6PG. The resulting Fab* fiagmonts may be more effidentm their coi^ 
nialeunide linkers. Note also that the same procedure may be ernployed vdth otiier 

1 S macromolecules containing cysteine reddues for coupling, for example, to the maleimide 
spacers. Also, peptides may be utilized provided tiiat they contam a c^stemer^ If 
the peptides have not been made fiesh and tiiere is a possibility of oxidation of cysteme 
residues witfam the peptide structure, it may be necessary to regenerate tiie tiiiol group 
using the approach outlined above. 

20 Additional linkers would include other derivatives of lipids useful for 

coupling to a bifunctional spacer. For exanq>le, phosphatic^etiianolamine (PE) may be 
coupled to a bifunctional agent For exsmsple N-succinimidyl 4-(p*inaleunido- 
phenyl)butyrate(SMPB) andN*succinimidyl 3-(2«pyridyiditiiiol) propionate (SPDP),N^ 
succinimidjd trans-4-(N*n]aldmidylniethyl)q^lohe3^ (SMCC), and N- 

2S succmunidyl Snnaleimidylbenzoate (SMB) may be used among others, to produce, for 
example tiie functionalized lipids MPB-PE and PDP-PE. 

The fi«e end of the hydrophilic spacer, such as polyetiiyiene glycol 
etfaylamine, vMch contains a reactive groiq), such as an amine or hydroxy! groiq>, could be 
used to bind a cofector or other targeting ligand. For example, polyetiiyiene glycol 

30 ethylamine may be reacted with N-succinimidylbiotin or p-nitrophenylbiotin to introduce 
onto the spacer a useful coupling group. For example, biotin may be coupled to the spacer 
and this will readily bind non-covalentiy proteins. As an example, MPB-PEG-DPPE may 
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be synthesized as follows. DPPE-PEG with a free an^o group at the tenninus of the PEG 
will be provided as described previously.. Synthesis of the SMPB:PEG-DPPE may then 
be carried out with 1 equivalent of triethylamine in chloroform at a molar ratio of 1 :5 
SMPB:DPPE-PEG. After 3 hours, tiie reaction mixture will be evaporated to dryness 
5 under argon. Excess imreactedSMPB and ntiajor by products will be removed by 
preparative thin layer chromatography (TLC, silica gel developed with 50% acetone in 
chloroform). The upper portion of the lipid band can be extracted from the silica with 
about 20-30% methanol in chloroform (V :V) resulting in the isolation of pure intact MPB* 
Peg-DPPE. Streptavidin may then be coiqiled to protdns so that the proteiris in turn may 

10 then be coupled to the MPB-PEG-DPP& Briefly SPDP would be incubated with ' 

strq)tavidin at room temperature for 30 minutes and chromatography employed to remove 
unreacted SPDP. Dithiothreitol (DTT) was added to r»u:tion mixture and 10 minutes 
later 2-thiopyridone at a concentration of 343 nNL The remainder of the reaction mixture 
, is reduced with DTT (2SmM for 10 min.). Tlie thiols^ product is isolated by gel 

IS exclusion. The resultirig streptavidin labeled proteins may then be used to bind to the 
biotinylated spacers afiBxed to the lipid moieties. 

In preferred embo<Uments of the present invention, the targeted compounds, 
namely, targeted lipids, proteins, and polymers, are incoiporated in compositions which 
arc used to form targeted vesicles, including, for example^ targ^ed micelles, targeted 

20 liposomes, targeted albumin coated miciospheies, and/or targeted polymer coated 

microspheres. The targeting Ugand viiich is attached to the compounds from which the 
vesicles are prepared may be directed, for example, outwardly from the suriiace of the 
vesicle. Thus, there is provided a targeted vesicle i^f^ can be used to target re^ 
and tissues. 

25 In certmn embodiments, the targetmg ligands may be incorporated in the 

present compositions via non-covalent associations. As known to those skilled in the art, 
non-covalent association is generally a function of a variety of &ctors, including, for 
example, the polarity of the mvolved molecules, the charge (positive or negative), if any, 
of the involved molecules, the extent of hydrogen bonding through the molecular network, 

30 and the like. Non-covalent bonds are preferably selected from the group consisting of 
ionic interaction, dipole-dipole interaction, hydrogen bonds, hydrophilic interactions, van 
der Waal's forces, and any combinations thereof Non-covalent interactions may be 
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employed to bind the taigeting Ugand to the lipid, or directly to the surfece of a vesicle. 
For example, the amino acid sequence Gly-Gly-His may be bound to the surfitce of a 
vesicle, preferably by a linker, such as PEG, and copper, iron or vanadyl ion may then be 
added. Proteins, such as antibodies >^ch contain histidine residues, may then bind to the 
5 vesicle via an ionic bridge with the copper ion, as described in U.S. Patent No. 5,466,467, 
the disclosures of which are hereby incorporated herein by reference, in their entirety. An 
example of hydrogen bonding involves cardiolipin lipids which can be incorporated into 
the lipid compositions. 

hi preferred embodiments of the present invention, vduch may involve 

10 vesicle compositions, dianges, for example, in pH and/or temperature in vivo^ may be 
employed to promote a change in location in the targeting ligands, for example, bom a 
location within the vesicle, to a location external to the outer wall of the vesicle. This may 
promote binding of the taigeting ligands to targeting sites, for example, receptors, such as 
the GPnbnia receptor, and tissues, including myocardial, endottielial and epithelial cells, 

1 S since the targieting ligand has a greater likelihood of exposure to such targeting sites. In 
addition, higih enwgy ultrasound can be used to promote rupturing of the ve^cles. This 
can also e3q)ose the targeting ligand to the desued binding site. 

As noted above, the present lipid and/or vesicle compositions are desirably 
formulated in an aqueous envirormient This can induce ttie lipid, because of its 

20 hydrophobic/hydrophilic nature, to form ve^cles, which vosy be the most stable 

coiifiguiatioQ^ch can be achieved in such an envirormient Tlie (filuents which can be 
employed to create such an aqueous environment include, for example, water, including 
deionized water or wato containing one or more dissolved solutes, such as salts, which 
preferably do not interfere with the fbriiudon and/or stability of flie vesicles or then: use as 

2S diagnostic agents, such as ulftasound contrast agents, MRI contrast agents or CT contrast 
agents; and normal saline and physiological saline. 

Hie lipid and/or vesicle conq)Ositions of the present invention may also 
comprise additional contrast ag^ts, includmg conventional contrast agents, which may 
serve to irlcrease tfieir ^ectiveness as coiitrast agents for diagnostic 

30 Accordingly, it is within the scope ofthe present invention to proAdde 

vesicle compositions vduch comprise flexible vesicles, for example, vesicles formulated 
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&om lipids, or inflexible vesicles, for example, vesicles prepared from polymetbyl 
methactylate. 

It is contemplated that the compositions of the present invention are 
particularly useful in connection with ultrasound, including diagnostic and therapeutic 
5 ultrasound. The use ofdie present compositions in ultrasound is described throughout the 
present disclosure. 

As noted above, the present compositions may also be employed in 
connection with computed tomography (CT)imagmg. CTsufifers from various 
drawbacks, and is generally less effective as compared to the diagnostic techniques 
1 0 discussed above. Nevertheless, if a high enough concentration of the present contrast 
media, and especially gas filled vesicle compositions, is delivered to the region of interest, 
for example, a blood clot, the clot can be detected on die CT images by virtue of a 
decrease in the overall density of the clot In general, a concentration of about 1/10 of 1% 
of gas filled vesicles or hi^ier (on a volume basis)* taay be needed to delivered to the 
15 re^onofinterest,includmg the aforementioned blood clot, to be detected by CT. 

Exemplazy paramagnetic contrast agents suitable for use in the present 
compositions include, for exanq)le, stable free radicals* such as, for example, stable 
nitroxides, as well as compounds comprising transition, lanthanide and actinide elements, 
which may, if desired, be in the form of a salt or may be covalently or non^^valently 
20 bound to complexing agrats* including lq)ophilic derivatives thereof or to proteinaceous 
macromolecules. 

Preferable transition, lanthanide and actinide elements include, for 
exaxnple, Gd(III), Mh(IQ, Ci(III)* Fe(n), Fe(m), Co(IQ, Ei(n}, Ni(II), Eu(III) and 
E>y(ni). More preferably, the elemients may be Gd(nQ,Mn(D),C^^ 
25 Eu(in)andPy(IIQ,esp(K:iaUyMn(IOandG^ 

The foregoing elements may, if desued, be in the form of a salt, including 
inorganic salts, such as a manganese salt, for example, manganese chloride, manganese 
carbonate, manganese acetate, and oiganic salts, such as manganese gluconate and 
manganese hydroxylapatite. Odier exemplary salts include salts of iron, for example, iron 
30 sulfides and ferric salts such as ferric chloride. 

These elements may also, if desired, be bound, for example, through 
covalent or noncovalent association, to complexing agents, including lipophilic derivatives 
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thereof, or to pFOteinaceous inacromolecules. Preferable complexing agents include, for 
example, diethylenetriaminepentaacetic acid (DTP A), ethylene-diaminetetraacetic acid 
(EDTA), l,4,7,10-tetraa2acyclododecane-NJ^JJ',N*"-tetraaceticacid 1,4,7,10- 
tetraazacyclododecane-N,N'jsr-triacetic acid (DOTA), 3,6,9-triaza-12-oxa-3,6,9- 
5 tricju1x>xyniethylene-10-carboxy-13-phenyl-tridecm acid (B-19036), 
hydroxybenzylethyleaediamine diacetic acid (HBED), N J^-bis(pyrido)C)rl-S- 
phosphate)edi]dene diaminie, N,N*Hliaicetate ODPDP), l,4,7-t]iazacyclononane-N,hrj^- 
triacetic acid (NOTA), 1,4,8,1 l-tctmaac^^ acid 
(TETA),kiyptands(inaaocycUccoiiq)lexes),anddesfeirioxani^ More preferably, the 

10 complexing agents are EDTA, DTPA, DOTA, D03A and kryptands, most preferably 
DTPA. Preferable lipophilic complexes include alkylated dmvatives of the complexing 
agents EDTA, DOTA, for exan^le, N,N'-bis-(caibo}c^decylainidometfa]^-N-23^ 
dihydioxypropyl)Hithylenediamine-N J^'-Kliacet^ (EDTA-DDP); NK-bis-<caiboxy- 
octade(7lamido-meth3d44-2,3-diI^dro3^ropyl)eth^cme^ (EDTA- 

15 ODP); NJ^-Bis(carbd)qr4aurylamidomethyl-N*23-dihydro3^^ 

N^'-diacetate (EDTA-LDP); and tiie like, including tiiose described in Uil. Patent No. 
5,3 1 2,61 7, the disclosures of vMch are hereby incorporated herein by reference, in their 
entirety. Preferable proteiriaceous macromolecules include, for example, albmnin, 
collagen, polyarginine, polylysine, pol^iistidine, y-globulin and P-globulin, with albumin, 

20 polyar^nine, polylysdne, and pol^stidine being more preferred. 

Siutable complexes therefore include Nfo(II)-DTPA, Mn(II>EDTA, 
Mn(n)-DOTA, Mh(n)-D03A, Mn(Il)-kiyptands, Gd(III>DTPA, Gd(ni)-DOTA, Gd(ni)- 
D03Ai Gd(III)-kiyptands, <3r(IID-EDTA, CuOQ-EDTA, or iron-desferrioxamme, 
especially Mn(II)-DTP A or Gd(lII)-DTPA. 

2S Nitroxides are paramagnetic coiitrast agents \vMch increase both Tl andT2 

relaxation rates on MRI by virtue of the preseiice of an unpaired electron in the rutroxide 
molecule. As known to one of ordinary skill in the art, the paramagnetic efifectiyeness of a 
given compound as an MRI contrast agent may be related, at least in part, to the number of 
unpaired electrons in the paramagnetic nucleus or molecule, and specifically, to the square 

30 of the number of unpaired electrons. For example, gadolinium has seven unpaired 
electrons whereas a nitroxide molecule has one uiqyaired electron. Thus, gadoliniuin is 
generally a much stronger MRI contrast agent than a nitroxide. However, efifective 
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correlation time, another important parameter for assessing the effectiveness of contrast 
agents, confers potential increased relaxivity to the nilidxides. When the tumbling rate is 
slowed, for example, by attaching the paramagnetic contrast agent to a large molecule, it 
will tumble more slowly and thereby more effectively transfer energy to hasten relaxation 
5 of the water protons. In gadolmium, however, the electron spm relaxation time is rapid 
and will limit the extent to which slow rotational correlation times can increase relaxivity. 
For nitroxides, however, the electron spin correlation times are more fevorable and 
Iremoidous increases in relaxivity may be attained by slowing the rotational correlation 
time of these molecules. The gas filled vesdcles of the present invention are ideal for 

10 attaining the goals of slowed rotational correlation times and resultant improvement in 
telaxi\dty. Although not intendmg to be bound by any particular tfieory of operation, it is 
contemplated that since the nitroxides may be designed to coat the perimeters of the 
vesicles, for example, by maldiig all^l derivatives tfiereo^ the resulting correlation times 
can be optimized. Moreover, tte resulting contrast medium of the present invention may 

IS be viewed as a niagnetic sph^, a geometric cdiifiguration viiidi maximizes relaxivity. 

If dedred, the nitroxides may be alkylated or otfaen^se derivadzed, such as 
the nitroxides 2,2,S,S-tetramethyl-l^yynolidmyloxy, fiee radical, and 2,2,6,6-tetrametfayl* 
1-piperidinyloxy, fiee radical (TMPO). 

Exemplary supeipaiaihagnetic contrast agents suitable for use in the 

20 cornpositions of the present invention include metal oxides and sulfides vMch experience 
a magnetic domain, ferro- or ferrimagnetic compounds, such as pure iron, magnetic iron 
oxide, such as magnetite, y-FcjOj, Fe304, manganese ferrite, cobalt ferrite and nickel 
ferrite. Paramagnetic gases can also be employed in the present compositiotis, such as 
dxy^n 1 7 gas C^O^. In addition, hyperpolarized xenon, neon, or helium gas may aliso be 

25 en^)loyed MR vAxole body imaging may then be employed to rapidly screen the body, for 
example, for thrombosis, and ultrasound may be applied, if desired, to aid in thrombolysis* 

llie contrast agents, such as die parainagnetic and superparamagnetic 
contrast agents described above, may be employed as a component within the lipid and/or 
vesicle compositions. In the case of vesicle compositions, ttxt aforementioned contrast 

30 agents may be entrapped within the internal void thereof administered as a solution with 
the vesicles, incorporated with any additional stabilizing materials, or coated onto the 
surfiu^e or membrane of the vesicle. 
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If desired) the paramagnetic or supeipiaramagnetic agents may be delivered 
as alkylated or other derivatives incorporated into the compositions, especially the lipidic 
walls of the vesicles. In particular, the nitroxides 2,2,5,5-tetramethyl-l-pyiiolidin)doxy, 
free radical and 2,2,6»6-tetramethyl-l-piperidinyloxy» free radical, can form adducts witfi 
5 long chain &tty acids at the positions of the ring vMch are not occupied by the metfiy! 
groups via a variety oflmkag^, including, for example, an acetyloxylinka^ Such 
adducts are very amenable to incorporation into the lipid and/or vesicle compositions of 
the present invention. 

Nfixtures of any one or more of the paramagnetic agents and/or 

10 superparamagnetic agents in the present compositions may be used. The paramagnetic 
and superparamagnetic agents may also be coadministered separately, if deshed. 

The lipid and/or vesicle compositions of the present invention, and 
especially the vesicle compositions, may serve not only as efifective carriers of the 
supisrparamagnetic agents described above, but also may improve the effect of the 

IS susceptibility contrast agents. Siq)eipai»magnetic contrast agents include me^ 

particulariy iron oxides but including man^ese oxides, and as iron oxides, containing 
varying amounts of manganese, cobalt and nickel >^ch experience a magnetic domain. 
These agents are nano or microparticles and have very hi^ bulk susceptibilities and 
transverse relaxation rates. The larger particles, for example, particles having diameters of 

20 about 100 run, have much higher R2 relaxivities as compared to Rl relaxivities. The 

smaller particles, for example, particles having diameters of about 10 to about 1 S run, have 
somevdiat lower R2 relaxivities, but much more balanced Rl and R2 values. Much 
smaller particles, for exan4>le, monocrystalline iron oxide particles having diameters of 
about 3 to about S run, have lower R2 relaxi^es, but probably the most balanced Rl and 

25 R2 relaxation rates. Ferritm can also be formulated to encqjsulate a core of very higjx 
relaxation rate superparamagnetic iron. It has been discovered that the lipid and/or vesicle 
compositions, especially vesicle compositions, including gas filled veisicles, can increase 
the efficacy and safety of these conventional iron oxide based MRI contrast agents. 

The iron oxides may simply be incorporated into the lipid and/or vesicle 

30 compositions. Preferably, in the case of vesicles formulated from lipids, the iron oxides 
may be incorporated into the walls of the vesicles, for example, by being adsorbed onto 
the surfaces of the vesicles, or entrapped within the interior of the vesicles as described in 
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U.S. Patent 5,088,499, the disclosures of which are hereby incoiporated herein by 
reference in their entirety. 

Without being bound to any particular theory or theories of operation, it is 
believed that the vesicles of the present invention increase the efficacy of the 
5 supeiparamagnetic contrast agents by several mechanisms; First, it is believed that the 
vesicles function to increase the apparent magnetic concentration of the iron o?dde 
particles. Also, it is believed that the vesicles increase the apparoit rotational correlation 
time of the MRI contrast agents, including paramagnetic and superparamagnetic agents, so 
that relaxation rates are increased. In addition, the vesicles appear to increase iOie apparent 

1 0 magnetic domain of the contrast medium according to Ae manner described hminafier. 

Certain of the ve^cles of the present invention, and eq)ecially vesicles 
formulated fiom lipids, may be visualized as fl«ible spherical domains of differing 
jsusceptibility fiom the suspending meditmi, including, for example, tfie aqueous 
suspension of the contrast mediun or blood or otfier body fluids, for example, in the case 

15 of intravascular injection or injection into other body locatioris. In the case of ferrjtes or 
iron oxide particles, it should be noted that the contxast provided by these agents is 
dependent on particle size* This phenomenon is very common and is often referred to as 
the "secular" relaxation of the vrater molecules. Described in more ph^cal teems, this 
relaxation mechanism is depetident upon the effective size of die moleodar complex in 

20 iviiich a paramagnetic atom, or paramagnetic molecule, or molecules, may reside. One 
physical explanation may be described in the following Solomoxi-Bloemba:gOT equations 
i^ch define the paramagnetic coritributions as a function of the T| and relaxation times 
of a spin 1/2 nucleus with gyromagncfic ratio g perturbed by a paramagnetic ion: 

irr,M - (2/15) S(S + 1) vVPVr* [3V(1 + (o,\^ + 
25 7V(1 + (a,\^] + (2/3) S(S+ 1) AW [Te/(1 + co^t/)] 

and 



l/TjM = (1/15) S(S + 1) Y'g'PVi^ [4Tc + 3tc/(1 +o),V) + 

UxJil + W,V)] + (1/3) S(S+ 1)A^ /h^ [Te /(I + (O^te^] 
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where: 

S is the electron spin quantum number; 
g is the electronic g factor; 
P is the Bohr magneton; 
5 0)1 and O). (657 W|) is the Laimor angular precession fiequencies for the 

nuclear spins and election spins; 
r is the ion-nucleus distance; 
A is the hyperfine coiq)ling constant; 
and Te are the correlation times for the dipolar and scalar 
1 0 interactions, respectively; and 

h is Planck's constant 
See, e.g., Solomon, L PAyj. Rev. Vol 99, p. 559 (1955) and Bloembeigen, N. J. Chem. 
Phys. Vol. 27. pp. 572, 595 (1957), 

A few large particles may have a much greater effect than a larger number 
15 ofmuchsQiaUer particles, prinpily due to a larger correlation time. If one were to make 
the iron oxide particles veiy large howevo-, increased toncit/ may result, and the lungs 
may be embolized or die complonent cascade ^em may be activated. Furtiiemioie, it is 
believed that tiie total size of the particle is not as importiEut as tiie diameter of the particle 
at its edge or outer sui&ce. Hie domain of magnetization or susceptibility effect fidls off 
20 exponentially fiom the sui&ce of die particle. Generally speaking, in the case of dipolar 
(through space) relaxation mechanisms, tins e3q)onential M off ddubits an dependence 
for a paramagnetic dipole-dipole interaction. Interpieted literally, a water molecule that is 
4 angstroms away fiom a iviamagnetic sur&ce will be influenced 64 times less than a 
wsdermolecde that is 2 angstroms awiQrfionl the same parama^ Theideal 
25 situation in terms of mflvimiring the contrast effect would be to make the iron oxide 
particles hollow, fi^ible and as large ^ possible. It has not been possible to achieve this 
heretofore and it is believed tiiattiie benefits have been unrecognized heretofore By 
coating the umer or outer sur&ces of tiie veddes witii the contrast agents, even though the 
individual contrast agents, for example, iron oxide nanoparticles or paramagnetic ions, are 
^ 30 relatively small structures, the effectiveness of the contrast agents may be greafly 

enhanced, hi so doing, the contrast agents may function as an effectively much laiger 
sphere wherein the effective domain of magnetization is det^mined by the diameter of the 
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vesicle and is maximal at the sur&ce of the vesicle. These agents afford the advantage of 
flexibility, namely, compliance. While rigid vesicles might lodge in the lungs or other 
organs and cause toxic reactions, these flexible vesicles slide through the capillaries mudi 
more easily. 

S In contrast to the flexible vesicles described above, it may be desirable, in 

certain circumstances, to formulate vesicles fiom substantially impermeable polymeric 
materials including, for example, polymethyl methacrylate. This would generally result in 
the fonhation of vesicles which msy be substantially impermeable and relatively inelastic 
aiid brittle. In embodiments involving diagnostic iniaging, for example, ultrasound, 

1 0 contrast media wfaiph cornprise such britde vesicles would generally not provide the 
desirable reflectivity that the flexible vesicles may provide. Howev^, by increasing the 
power output on ultrasound, the brittle microspheres can be made to rupture, thereby 
causing acoustic emissions which can be detected by an ultrasound transduce*. 

Nuclear Medicme Imaging (NMI) may also be used in connection with tfie 

15 diagnostic and therapeutic method aspects of flie present inventioru For example, NMI 
may be used to detect radioactive gases, such as Xe^^, vAsich may be incorporated in the 
presmt compositioris in addition to, or iristeado^ttie gases discussed above. Such 
radioactive gases may be entrapped widiin vesicles for use in detecting, for example, 
thrombosis. Pteferably, bifimctional chelate derivatives are incorporated in the walls of 

20 vesicles, and the resulting vesicles may be employed in both NMI and ul^^ InMs 
case, Mgh energy, hi^ quality nuclear medicine ima^g isotope, such as technetium^ 
or indium"' can be incorporated in the walls of vedcles. Whole bo^ gamma scanning 
cameras can then be eri^)loyed to rapidly localize re^ons of vedcle uptake in vivo. If 
desired, ultrasound may also be used to confirm the presence, for example, of a clot within 

25 the blood vessels, since ultrasound generally provides improved resolution as conq)ared to 
nuclear medicine techniques. NMI may also be used to screen the entire body of the 
patient to detect areas of vascular thrombosis, and ultrasound can be applied to these areas 
locally to promote rtqiture of the vesicles and treat the clot 

For optical imaging, optically active gases, such as argon or neon, may be 

30 incorporated in the present compositions. In addition, optically active materials, for 
example, fluorescent materials, including porphyrin derivatives, may also be used. 
Elastography is an imaging technique which generally employs much lower frequency 
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sound, for example, about 60 KHz, as compared to ultrasound which can involve over 
fiequencies of over 1 MHz. In elastogiaphy, the sound energy is generally applied to the 
tissue and the elasticity of the tissue may thtt be deteimined. In connection with 
preferred embodiments of the invention, which involve highly elastic vesicles, the 
5 deposition of such vesicles onto, for example, a clot, increases the local elasticity of the 
tissue and/or the space sunrounding the clot This increased elasticity may then be 
detected with elastography. If desired, elastogrq}hy can be used in conjunction with other 
imaging techniques, sudi as MRI md ultrasound. 

hi addition to the aformiCTtioned diagnostic imaging techniques and 

10 thrombolysis of clots, the presedt compositiods can be used in a variety of therapeutic 
treatment modalities. For example, bioactive agents, for example, drugs, may be 
incorporated in the present compositions. Useful drugs include, for example, heparin 
sul&te, tissue plasminogen activator, streptoldnase, urokinase and hirudin. In connection 
with Aerapeutic applicatiolos, conq>lementaiy agents can also be used uicludmg, for 

IS example, dihydroecgotamine, >^ch can be used with hq>arin sul&te to dedDease 
venostasis. In addition, warfiuinnmy be used as an adjunct to anticoagulation^ 
Genedcmateriab may also be incoipoiated with &e present comi^ Ihthe&iseof 
vesicle (impositions, tiie genetic material can be mcorporated mto the walls of tiie 
vesicles or within tiie central gas-fiUed void of the vesicles. This may be convenientiy 

20 accomplished wfamcationic lipids are employed in the vesicle walls. Genes, such as 

vascular endothelial growth &ctor, or antisense gene fiagments directed to basic fibroblast 
growth fiictor, may be used. This invention can be usefiil for treatmgundedying 
atiierosclerosis or to decrease ti^ tendency toward fibrointimal hypeiplasia. 

The lipid and/or vesicle coxiq>ositions of the present invention may be 

25 prepared using any ofa variety of suitable methods. These are described below separately 
for the embodiments involving lipid compodtipns and a gas, including gas filled vesicles, 
and embodiments involving lipid compositions and a gaseous prectirsor, including gaseous 
precursor filled vesicles, although compositions comprising both a gas and gaseous 
precursor fomi a part of the present invention. 

30 A targeting ligand may be attached to the gas or gaseous precursor filled 

vesicle by bonding to one or more of the materials employed in the compositions from 
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which they aie made; including the lipids^ proteins, polymeis, and/or auxiliaiy stabilizing 
materials, as described above. 

A wide variety of mediods ate available for the preparation of the 
compositions, including vesicle compositions, such as micelles and/or liposomes. Included 
S among these methods are, for example, shaking, diying, gas-installation, spray diyihg, and 
the like. Suitable methods for preparing vesicle compositions are described, for example, 
in U,S. Patent No. 5^469,854, the disclosures of which are incorporated herein by 
reference. As noted above, the vesicles axe preferably prepared fidm lipids which remain 
in the gel state. 

10 Witii particular reference to the preparation of micelle compositions, the 

following discussion is provided. Micelles may be prepared using any one of a variety of 
conventional micellar prq^aiatoiy methods will be apparent to those skilled in the 
art These methods typically involve suspension of the lipid conq)Oimd in an organic 
solvent, evi^ration of the solvent, resuspension in an aqueous medium, sonicadon and 

IS centrifugation* Hie foregoing methods, as well as others, are discussed, for exanqile, in 
Canfield et al.. Methods in Enzymology, Vol. 189, pp. 418-422 (1990); El-Gorab et al, 
Biochem. Biophys, Acta, Vol. 306, pp. 58-66 (1973); Colloidal Surfactant, Shinoda, IL, 
Nakagana, Tamamushi and Isejura, Academic Press, NY (1963) (especially The 
Formation of Micelles", Shinoda, Chq)ter 1, pp. 1-88); Catalysis in Micellar and 

20 MacromofecufcirSysrems,Fendlcr and FendlCT, Academic Pre^ The 

disclosures of each of the foregoing publications are incorporated by reference herein, in . 
their entirety. 

As noted above, the ve^cle composition miQr comprise liposomes, bany 
^ven liposome, the lipid compound(s) may be in tiie form of a monolayer or bikQrer, and 

25 the mono- or bilayer lipids may be used to form one or more riiono- or bilay^s. In die 
case of more tiian one mono* or bilayer, the mono- or bilayers are generally conceritric. 
Thus, the lipids may be used to form unilamellar liposomes (comprised of one monolayer 
or bilayer), oligolamellar liposomes (comprised of two or fliree nionolayers or bilayers) or 
multilamellar liposomes (comprised of more than three monolayers or bilayers). 

30 A wide variety ofmethods are available in connection with the preparation 

of liposome compositions. Accordingly, the liposomes may be prepared using any one of 
a variety of conventional liposomal preparatory techniques which will be apparent to those 
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skilled in the art These techniques include, for example, solvent dialysis, French press, 
extrusion (with or without fieeze-thaw), reverse phase evaporation, simple fieeze-thaw, 
sonication, chelate dialysis, homogenization, solvent infusion, micioemulsification, 
l^ntaneous formation, solvent vaporization, solvent dialysis, French pressure cell 
S technique, controlled detergent dialysis, and others, each mvolving the preparation of the 
vesicles in various fiishions. See, eg., Madden et al.. Chemistry and Physics of Lq>ids^ 
1990 55, 37-46, the disclosures of M^di are hereby incoipoFated herdn by re&rrace in 
their entirety* Suitable freeze-tfaawtechmques are desaibed, for escample, in 
Application Serial No. PCT/US89/0S040, ffled November 8, 1989, tiie disclosure of 

10 which are incorporated herem by reference in their entirety. Methods vAiich involve 
fieeze-thaw techniques are preferred in connection mth the preparation of liposomes. ' 
Preparation of the liposomes may be carried out in a solution, such as an aqueous saline 
solution, aqueous phosphate buffer solution, or st^e water. The liposomes may also be 
prepared by various processes v^ch involve shaking or vortCKing. This may be achieved, 

1 5 for example, by the use of a mechanical shaking device, sudi as a Wig-L-Bug'^ (Crescent 
Dental, Lyon^ IL), a Nfixomat, sold by Degussa AG, Frankfurt, Germany, a Cq)mix, sold 
by Espe Fabrik Pharmazeutischer PiaqKuate GMBH & Co., Seefeld, Oberay Germany, a 
Silamat Plus, sold by Vivadent, L^tenstem, or a Vibros, sold by Quajde Dental, Sussex, 
England. Conventional micn>emuIsificationequ9ment, such as a MicrofluidhEcr™ 

20 ^crofluidics, Wobum,MA)mayalsobeused 

Spray drying may be also employed to prepare tiie gas-filled vesicles. 
Utilizing this procedure, the lipids may be pre^mixed in an aqueous c»ivironment and then 
spray dried to produce gas*filled vedcles. Hie vesicles xoxn be stored under a headspace 
of a dedred gas. 

25 Many liposomal preparatory techniques wluch msQr be ads^ited for use in 

the pieparation of vesicle compositions are discussed, for example, in U.S. Patent No. 
4,728,578; U.KL Patent AppUcation GB 2193095 A; U.S. Patent No. 4,728,575; U.S. 
Patent No. 4,737,323; hitemational Application Serial No. PCTAJS85/01 161 ; Mayer et al., 
Biochimica et Biophysica Acta, Vol. 858, pp. 161-168 (1986); Hope et al., Biochimica et 

30 Biophysica Acta, Vol 812, pp. 55-65 (1985); U.S. Patent No. 4,533,254; Mayhew et al„ 
Methods in Enzymology, Vol. 149, pp. 64-77 (1987); Mayhew et al., Biochimica et 
Biophysica Acta,Wo\ 755, pp. 169-74 (1984); Cheng et al. Investigative Radiology, Vol. 
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22, pp. 47-55 (1987); International Application Serial No. PCT/US89/05040; U.S, Patent 
No. 4,162U82; U.S. Patent No. 4^10,505; U.S. Patent No. 4,921,706; rndLiposome 
rec/mo/ogy, Gregoriadis, a, ed. Vol. I, pp. 29-31, 51-67 and 79-108 (CRC Press Inc,, 
Boca Raton, FL 1984), the disclosures of each of vAdch are hereby incoipotated by 
5 reference herein, in their entirety. 

lipid compositions comprising a ps can be prepared by agitating an 
aqueous solution containing, if desired, a stabilizing material, in the presence of a gas. 
The tenn "agitating,** as used herein, means any shaking motion of an aquoous solution 
such that gas is introduced fiom the local ambient environment mto tiie aqueous solution. 

1 0 This ajs^tation is preferably conducted at a temperature below the gel to liquid crystalline 
phase transition tenq)eFature of the lipid Hie shaking involved in the agitation of the 
solutions is preferably of ^iffident force to result in the formation of a lipid composition, 
including vesicle compositions, and particulariy vesicle compositions comprising giEis 
filled vesicles. The shaking may be by swilling, such as by vortexing, side-to-side, or up 

15 ainddownm^tioiL Diflferent types ofmotion may be combined Also, tiie shaking may 
occur by shaking the contains holding the aqueous lipid solution, or by shaking the 
aqueous solution within tiie container without shiddng the container itself 

The shaking may occur manually or by machine. Mechanical shakers that 
may be used include, for example, a shaker table sudi as a VWR Scientific (Cerritos, CA) 

20 shjaker table, as well as ai^ of the shaking devices described herembefore, witii the 
Cqnnix QSspG Fabrik Phannazeutischer Praeparate GMBH & Co., Seefeld, Oberay 
Germai^) being preferred It has been found that certain modes of shaking or vortexing 
can be used to inakevedcles within a prefiared size hmge. Shaking is preferred, and it is 
preferred tiiat the shakiiig be carried out usmg the Espe(>ipmixmecharu In 

25 accordance with tiiis preferred method, it is preferred that a reciprocating motion be 
utilized to generate the lipid compositions, and particulariy vesicle compositions. It is 
even more preferred that the motion be reciprocating in the form of an arc. It is 
conteirq)lated that the rate of reciprocation, as well as the arc thereof; is particularly 
important in coimection with the formation of vesicles. Preferably, tiie nimiber of 

30 reciprocations or foil cycle oscillations is fiom about 1000 to about 20,000 per minute. 
More preferably, the number of reciprocations or oscillations is fiom about 2500 to about 
8000, witii reciprocations or oscillations of fix>m about 3300 to about 5000 bemg even 
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more piefened Of course, the number of oscillations can be dependent upon the mass of 
the contents being a^tated Generally speaking, a larger mass requires fewer oscillations. 
Another means for producing shaking includes the action of gas emitted under hig}i 
velocity or pressure. 

S It will also be understood that preferably, with a larger volume of aqueous 

solution, die total amount of force vntt be conespondin^y increased. Vigorous shaking is 
defined as at least about 60 shaking motions par nun]^^ V<»texingat 
about 60 to about 300 revoltitions per mmute is more prefeix^ VortesdngataboutSOOto 
about 1800 revolutions p^nunute is even more preferred 

10 In addition to the sinqile shaking m^bods described above, more elaborate 

methods can also be eaq)loyed Such elaborate methods include, for exanq)ie, liquid 
crystalline shajdng gas instillation processes and vacuum drying gas iiistillation processes, 
siich as those described in copending U^. application S&Asl No. 08/076,250, filed June 
1 1, 1993, the disclosures of i^^ch are incorporated herein by reference, in their entirety. 

15 Althou^ any of a number of varying techniques can be used, tfie vesicle compositions 
eti^)loyed in the jneserit invention are preferably prepared using a diaking tedinique. 
Preferably, the shaking tedmique involves a^tation widi a mechanical shaking apparatus, 
such as an Espe Cs^mix (Seefeld, Obetay Granany), udng, for example, the techniques 
disclosed in copending U.S. application Serial No. 160,232, filed NovCTiber 30, 1993, the 

20 (Usclosures of wfaidi are hereby incorporated herein by reference in their entirety. 

The size of gas filled vedcles can be adjusted, if dedred, by a variety of 
procedures, including, for example, microemulsification, vortexing, extrusion, filtration, 
sonication, homogenization, repeated fipeesdng and thawing qrcles, extrusion under 
pressure through pores of defined size, and similar methods. Gas filled vesicles prepared 

25 in accordance with the methods described herein can range in size from less than about 1 
\xm to greater than about 100 fint In addition, after extrusion and sterilization procedures, 
which are discussed in detail below, a^tation or shaking provides vesicle compositions 
which provide substantially no or minimal residual anhydrous lipid phase in the remainder 
of the solution. (Bangham, A.D., Standish, MM, & Watkins, J.C., J. Mol Biol. Vol. 1 3, 

30 pp. 238-252 (1965). If desired, the vesicles of the present invention may be xised as they 
are formed, without any attempt at fiuther modification of the size thereof. For 
intravascular use, the vesicles preferably have diameters of less than about 30 ^m, and 
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more preferably, less than about 12 pxru For targeted intravascular use including, for 
example, binding to certain tissue, such as cancerous tissue, the vesicles can be 
significantly smaller, for example, less tbain about 100 nm in diameter. For enteric or 
gastrointestinal use, the vesicles can be significantly larger, for example, up to a 
5 millimeter in size. Preferably, the vesicles are sized to have diameters of fiom aboiit 2 \m 
to about 100 \xm. 

The gas filled vesicles may be sized hy a simple process of extrusion 
through filters wherein the filter pore sizes control the size distribution of the resulting gas 
fiUedvesicles. By usiiig two or more cascaded or stacked set offilters, for exaniiple, a 10 

10 fun filter followed by an 8 )im filter, the gas filled vesicles can be selected to have a very 
nanow size distribution around 7 to 9 ^m. After filtration, these gas filled vesicles can 
renuun stable for over 24 hours. 

The sizing or filtration stq) may be accomplished by the use, for example, 
of a filter assembly when the composition is removed fiom a sterile vial prior to use, or 

15 more preferably, the filter assembly may be mcorporated into a syringe durm The 
method of sisdng tiie vesicles will then comprise usmg a syringe comprising a barrel, at 
least one filter, and a needle; and will be carried out by a step of extracting which 
comprises extruding the vesicles fiom the barrel throu^ dse filter fitted to die syringe 
between the barrel and the needle, ther^ sizing the vesicles before they are administered 

20 toapatient The stq>ofextractingm^ also comprise dra^gtiie vesicles into the 
syringe, where the filter will fimction in the same way to size the vesicles upon entrance 
into the syringe. Another alteniative is to fill such a syringe with vedcles which have 
already been sized by some otiier means, in wfaidi case the filter now fimctions to ensure 
tiiat only vesicles within the desired size range, or of the desired miaximum size, are 

25 subsequentiy administered by extrusion fiom the syringe. 

In certain preferred embodiments, tiie vesicle compositions may be heat 
sterilized or filter sterilized and extruded through a filter prior to shaking. Generally 
speaking, vesicle compositions comprising a gas may be heat sterilized, and vesicle 
conipositionsconq}risinggaseoiispreciirsors may be filter sterilized. Once gas filled 

30 vesicles are formed, they may be filtered for siang as described above. Performing these 
steps prior to the formation of gas and gaseous precursor filled vesicles provide sterile gas 
filled vesicles ready for administration to a patient. For example, a mixing vessel such as 
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a vial or syringe may be filled with a filtered lipid composition, and the composition may 
be sterilized within the mixing vessel, for example, by autocIa\dng. Gas may be instilled 
into the composition to form gas filled vesicles by shaking the sterile vessel. Preferably, 
the sterile vessel is equipped with a filter positioned such that the gas filled ve^cles pass 
S through the filter before contacting a patient 

The step of extruding the solution of lipid compound tfaiou^ a filter 
decreases the amount of unhydmted inaterial by breaking up any dried materials and 
exposiiig a greater sur&ce area for hydration. Preferably, the filter has a pore size of about 
0.1 to about S pxa^ more pxcfeably^ about 0.1 to'about 4 |un, even more preferably, about 

10 0.1 to about 2 pm, and still more preferably, about 1 fim. Unhydialed compound, which is 
generally undesirable, appcais as amorphous clumps of non-uniform size. 

The sterilization st^ provides a composition that may be readily 
administered to a patient fi)r diagnostic imaging including, for exaixq>le, ultrasound or CT. 
In certain preferred embodiments, sterilization may bo accomplished by heat sterilization, 

IS preferably, by autoclaving the solution at a temperature of at least about 100 **C, and more 
preferably, by autoclaving at about lOO^C to about ISO^'C, even more preferably, about 
1 lO^'C to about 130''C, still more preferably, about llO^'C to about ISO'^C, and even more 
preferably, about ISO^C. Preferably, heating occurs for at least about 1 minute, more 
preferably, about 1 to about 30 minutes, even more preferably, about 10 to about 20 

20 nunutc^, and still more preferably, about 1 S minutes. 

If desired, the extrusion and heatiiig stq>s, as outlined above, inay be 
reversed, or only one oftiie two stq>s can be used. Otiier modes ofsterilizationiru^ be 
used, including, for example, e3qx)sure to gamma radiation. 

In addition to the aforranentioned embodiments, gaseous precursors 

25 contained in vesicles can be formulated wiudi, upon activatioii, for Example, bye 
to elevated temperature, varying pH, or li^it, undergo a phase transition fipom, for 
example, a liquid, including a liquid entn^ped in a vesicle, to a gas, e^anding to create 
the gas filled vesicles described hereirt This technique is described in detail in copending 
patent applications Serial Nos. 08/160,232, filed November 30, 1993 and 08/159,687, 

30 filed November 30, 1993, the disclosures of vdiich are incorporated herein by reference, in 
their entirety. 
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The preferred method of activating the gaseous precursor is by exposure to 
elevated temperature. Activation or transition temperature, and like terms, refer to the 
boiling point of the gaseous precursor and is the temperature at which the liquid to gaseous 
phase transition of the gaseous precursor takes place. Useful gaseous precursors are those 
5 materials ^ch have boiling points in the range of about -lOO^^C to about 70*'C. The 
activation temperature is particular to each gaseous precursor. An activation temperature 
of about 37''C, or about human body temperature, is preferred for gaseous precursors in 
the context of the present invention* Thus, in preferred fomi, a liquid gaseous precursor is 
activated to become a gas at about Sl^'C or below. The gaseous precursor may be in liquid 

10 or gaseous phase for use in the methods of the present invention. 

The methods of preparing tiie gaseous precursor filled vesicles may be 
earned out below the boiling point of the gaiseous precursor such that a liquid is 
incoiporated, for example, into a veacle. In addition, the methods may be conducted at 
die boiling point of the gaseous {mcursor, such that a gas is incorporated, for ^cample, 

IS intoavedcle. For gaseous piecursois having low temperature boiling points, liquid 
precursors may be emulsified udng a microfluidizer device chilled to a low temperature. 
The boiling points may also be dq)iessed using solvents in liquid media to utilize a 
precursor in liquid fom. Furtfier, the metfiods may be performed where the temperature is 
increased thiougjiout the process, whereby the process starts with a gaseous precursor as a 

20 liquid and ends with a gas. 

The gaseous jvecursor may be selected so as to fomi the gas in situ in the 
targeted tissue or fluid, in vivo upon entering the patient or animal, prior to use, during 
storage, or during manufacture. Ilie methods ofprodudrig the temperature-activated 
gaseous precursor filled vesicles may be carried out at a temperature below the boiling 

25 pomt of the gaseous precursor. In this embodiment, the gaseous precursor is entrapped 
within a vesicle such that the phase transition does not occur during manufacture. Instead, 
the gaseous precursor filled vesicles are manu&ctured in the liquid phase of the gaseous 
precursor. Activation of the phase transition may take place at any time as the temperature 
is allowed to exceed the boiling point of the precursor. Also, knowing the amount of 

30 liquid in a droplet of liquid gaseous precursor, the size of the vesicles upon attaining the 
gaseous state may be determined. Alternatively, the gaseous precursors may be utilized 
to create stable gas filled vesicles which are pre-formed prior to use. In this embodiment. 
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the gaseous precursor is added to a container housing a lipid composition at a temperature 
below the liquid-gaseous phase transition temperature of the respective gaseous precursor. 
As the temperature is increased, and an emulsion is fonned between the gaseous precursor 
and liquid solution, the gaseous precursor undergoes transition fiom the liquid to the 
S gaseous state. As a result ofthis heating and gas formatioii, the gas displaces the air in the 
head space above the liqiud mixture so as to form gas filled vesicles which entrap Ae gas 
of the gaseous precursor, ambient gas (e.g. air), or coentrap gas state gaseous precursor 
and ambient air. This phase trariiition can be used fiyroptuiialnuidng^ 
flie contrast agent For exaxnple, the gaseous precursor, perfluorobutane, can be entrapped 

10 in the lipid vesicles and as the tenq^erature is raised beyond the boiling point of 
perfluorobutane (4^C), perfluorobutane gas is entrapped in the vesicles. 

Accordingly, the gaseous precursors may be selected to form gas filled 
Vesicles in vivo or may be designed to produce die gas filled vesicles in situ^ dwang the 
manufacturing process, on storage, or at some time prior to use. A water bath, sonicato^ or 

IS hydrodynamic activation by pulling back the plunger of a syringe against a closed 

stopcock may be used to activate targeted gas-fiUed vesicles fiom temperative-sen^tive 
gaseous precursors prior to I. V. injection. 

As a further embodiment of this invoition, by pre-forming tiie gaseous 
precursor in the liquid state into an aqueous emulsion, the maximum size of the vesicle 

20 niay be estimated by usmg the ided gas kw, once the tramition to the gaseous st^ 
effectuated. For the purpose of making gas filled vedcles fiom gaseous precursors, the 
gas phase is assumed to form instantaneously and substantially no gas in the newly formed 
vesicle has been depleted due to diffusion into the liquid, v4iich is generally aqueous in 
nature. Hence, fit)m a known liqmd volume in the emulsion, one would be able to predict 

25 an upper limit to the size ofthe gas filled vesicle. 

In embodiments of the present invention, a mixture of a lipid compound 
and a gaseous preciu:sor, containing liquid droplets of defined size, may be formulated 
such that upon reaching a specific temperature, for exan^le, the boiling point ofthe 
gaseous precursor, the droplets will e)q)and into gas filled vesicles of defined size. The 

30 defined size represents an upper limit to the actual size because the ideal gas law cannot 
account for such factors as gas diSusion into solution, loss of gas to the atmosphere, and 
the effects of increased pressure. 
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The ideal gas law, which can be used for calculating the increase in the 
volume of the gas bubbles upon tiansitioning from liquid to gaseous states, is as follows: 

PV = nRT 

where 

S P is pressure in atmospheres (atm); 

V is volume in liters (L); 
n is moles of gas; 

T is temperature in degrees Kelvin (K); and 

R is the ideal gas constant (22.4 L-atm/K-mole). 
10 With knowledge of volume, density, and temperature of the liquid in the mixture of 
liquids, the amount, for example, in moles, and volume of Uqmd precursor may be 
calculated which, when converted to a gas, will expand into a vesicle of known volume. 
The calculated volume will reflect an uppec limit to the size of the gas filled vesicle, 
fi<efaimtng instantancous expan^on mto a gas filled vedcle and negligible difiiision of the 
IS gfis over the time of the expansion. 

Thus, for stabilization of the precursor in the liquid state in a mixture 
v^erem the precursor droplet is spherical, the volume of tiie precursor droplet may be 
detemiined by the equation: 

Volume (spherical vesicle) -AfZw? 

20 where 

r is the radius of the sphere. 

Thus, once the volume is predicted, and knowing the density of the liquid at the desired 
temperature, the amount of liqiud gaseous precursor in the dio^ In 
more descriptive terms, the following can be iq>plied: 
25 V^«4/3ic(r^ 



by the ideal gas law, 
isubstituting reveals. 



PV=nRT 



V^^nRT/P^ 



30 or, 

(A) n=4/3[nrg„^lP/RT 
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amount n = 4/3 [ntgj P/RTJ^MW^ 
Q)nve]ting back to a Uqiiid volume 
(B) V,^ - (4/3 [irr^^] P/Rr|-MW^] 

vdiere D is the density of the precuisor. 
5 Solving for the diameter of the liquid droplet, 

(Q diameteiy2-[3/4K[4/3*[OTg„^]P/Rl]MW^]»^ 
which reduces to 

Diameter = 2[[rg„'] P/RT [MW^]]*^. 

As a further means of preparing vesicles of the desired size for use in the 
1 0 methods of the present invention, and with a knowledge of the volume and especially the 
radius of the liquid droplets, one can use appropriately siz^ filters to size the gaseous 
precursor droplets to the q)propriate diameter sphere. 

A representative gaseous precursor may be used to fonn a vesicle of 
defined size, for example, 10 ^m diameter. In this example, the vesicle is formed in the 
1 S bloodstream of a human being, thus tiie typical temperature would be ST'C or 

310 K. At a pressure of 1 atmosphere and using the equation m (A), 7S4 x 10"*^ moles of 
gaseous precursor would be required to fill the volume of a 10 |im diameter vesicle. 

Using the above calculated amount of gaseous precursor and 
1 -fluorobutane, wfaidi possesses a mol^ndar weigjit of 76. 11 , a boiling point of 32.5 ''C 
20 and a density of0.7789g^niL at 20*'C,fiiitfaer calculations pied^ 

5.74 X 10'*^ grams of this precursor would be required for a 10 |xm vesicle. Extrapolating 
finther, and witii the knowledge of the density, equation (B) fiirtfaer predicts that 8.47 x 1 0' 
mL of liquid precursor is necessary to fonn a vesicle with an vpptr limit of 1 0 ^m. 

Finally, usmg equation (Q, a mixture, for example, an emulsion containing 
25 droplets with a radius of 6.0272 |un or a corresponding diameter of 

0.0544 (xm, is fonned to make a gaseous precursor filled vesicle with an upper limit of a 
10 ^m vesicle. 

An emulsion of this particular size could be easSly achieved by the use of an 
appropriately sized filter. In addition, as seen by the size of the filter necessary to form 
30 gaseous precursor droplets of defined size, the size of the filter would also sufiBce to 
remove any possible bacterial contaminants and, hence, can be used as a sterile filtration 
as well. 
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This embodiment for preparing gas filled vesicles may be applied to all 
gaseous precursors activated by tenq)etatuie. In fact, depression of the fieezing point of 
the solvent system allows the use of gaseous precursors which would tmdergo liquid-to- 
gas phase transitions at temperatures below O^'C. The solvent system can be selected to 
5 provide a medium for suspension of the gaseous precursor. For example, 20% propylene 
glycol miscible in buffered saline exhibits a fieezing pomt depression well below the 
fi:eeang point of water alone. By iticieasing die amount of prop^ene glycol or adding 
mat^ials such as sodium chloride, die fieesdng point can be depressed even fiirtfa^. 

The selection of qipropriate solvent systems may be detemuned by 
Id physical' methods as well. When substances, solid or liquid, herein referred to as solutes, 
are dissolved in a solvent, such as water based bufifers, the fi^eezing pom^ 
amount that is dependent upon the composition of the solution. Thus, as defined by Wall, 
one can express the fieezing point depression of the solvent by tiie following equation: 

Inx. - hi (1 . Xb) = AHfo/R(l/r, - l/T) 

IS ^ere 

X. is the mole fiiaction of the solvent 
X|, is the mole fiaction of the solute; 
AH|^ is the heat of fusion of the solvent; and 
To is ihe normal fieezing point of the solvent. 
20 The normal fi:ee2ang point of the solvent can be obtained by solving the equation. If x^ is 
small relative to ^, then the above equation may be rewritten as follows. 

x*« AHfe/Rfr . TJTJl « AHfi^T/RT,^ 
The above equation assumes the change in temperature AT is small compaired to Tj. This 
equation can be simplified further by e3q>ressing the concentration of the solute in tenns of 
25 molality, m (moles of solute per thousand grams of solvent). Thus, the equation can be 
rewritten as follows. 

Xt=m/[m+1000/mJ « mMa/1000 
where Ma is the molecular weight of the solvent 

Thus, substituting for the fiaction x^,: 
30 AT - [MJlT^VlOOOAHflJm 

or 

AT = K|m, where 
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Kr=M^ToVlOOOAHf« 

Kf is the molal fiee^dng point and is equal to 1.86 degrees per unit of molal concentration 
for water at one atmosphere pressure. The above equation may be used to accurately 
detem^iine the molal fieeiang point of solutions of gaseous-precursor filled vesicles. 
S Accordingly, the above equation can be applied to estimate fieedng point digressions and 
to determine the appropriate concentrations of liquid or solid solute necessary to dq>ress 
the solvent fieezing temperature to an appropriate value. 

Mediods of prq>aring the temperature activated gaseous precurs^ 
ve^cles include: 

. 10 (a) vortexing and/or idialdiig an aqueous rnixture of gaseous p 

additional materials as desired, mcluding, for example, stabilizing materials, thidcening 
agents and/or dispersing agents. Optional variations of this method includisautoclaving 
before vortexing or shaking; heating an aqueous mixture of gaseous precursor; ventirig the 
vessel containing the mixture/suqiension; shaldng or permitting the gaseous precursor 
IS filled vesicle to form spontaneously and cooUng down the suspension of gaseous precursor 
filled vesicles; and extruding an aqueous susprasion of gaseous precursor througih a filter 
of about 0.22 (mt Alternatively, filtering may be performed during in vivo administration 
of Ae vesicles such that a filter of about 0.22 fim is employed; 

(b) mi^oemulsification wherd>y an aqueous mixture of gaseous precursor 
20 is emulsified by agitation and heated to form, for example, vesicles prior to admmistration 

toapatien^ 

(c) heating a gaseous precursor m a mixture, with or without agitation, 
whereby the less dense gaseous precursor filled vesicles float to the top of the solution by 
expanding and displacing other vesicles in the vessel and venting the vessel to release air, 

25 and 

(d) utiliang in any of the above methods a sealed vessel to hold the 
aqueous suspension of gaseous precursor and maintaining the suspension at a temperature 
below the phase transition temperature of the gaseous precursor, foUowed by autocl^ 

to raise the temperature above the phase transition temperature, optionally with shaking, or 
30 permitting the gaseous precursor vesicle to form spontaneously, whereby the expanded 
gaseous precursor in the sealed vessel increases the pressure in the vessel, and cooling 
down the gas filled vesicle suspension, after which shaking may also take place. 
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Fi^ze dxying b usefiU to remove v^ter and organic nmterials p 
shaking installation method Drying installation methods may be used to remove water 
fiom vesicles. By pre-entrapping the gaseous precursor in the dried vesicles (i.e, prior to 
drying) after warming, the gaseous precursor may expand to fill the vesicle. Gaseous 
S precursors can also be used to fill dried vesicles after they have been subjected to vacuimi. 
As the dried vesicles are kept at a temperature below ttieir gel state to liquid crystalline 
temperature, the diying chamber can be slowly filled with the gaseous precursor in its 
gaseous state. For example, perfluorobutane can be used to fill dried vedcles at 
temperatures above 4^C (the boiling point of perfluorobutane). 

10 Prefened methods for prepariiig (he temperature activated gaseous 

precursor filled vesicles comprise shaking an aqueous solution having a lipid compound in 
the presence of a gaseous precursor at a temperature below the liquid state to gas state 
phase transition tenq)eratm:eoftfae gaseous precursor. This is preferably conducted at a 
temperature below the gel state to liquid crystalline state phase transition tenq>erature of 

IS thelipid. The mixture is then heated to a temperature above the liquid state to gas state 
phase transition temperature of fiie gaseous precursor which causes the precursor to 
volatilize and expand. Heating is tfien discontinued, and the temperature offlieinixture is 
then allowed to drop below the liquid state to gas state phase transition temperature of the 
g^ous precursor. Shaking oftfae mixture may take place during the heating step, or 

20 subsequently after the nuxture is allowed to cool. 

Other methods for preparing gaseous precursor filled vesicles can involve 
shaking an aqueous solution o^ for ^cample, a lipid and a gaseous precursor, and 
separating the resulting gaseous precursor filled vedcles. 

Conventional, aqueous^filled liposomes of the prior art are routinely formed 

25 at a temperature above the phase transition temperature of the lipids used to make them, 
since they are more flexible and thus usefiil in biological systems in flie liquid crystalline 
state. See, for example, Szoka and Papahadjopoulos, Proc, Nail Acad Set 1978, 75, 
4194-4198. In contrast, the vesicles made according to certain prefened embodiments 
described herein are gaseous precursor filled, which imparts greater flexibility, since 

30 gaseous precursors after gas formation are more compressible and compliant than an 
aqueous solution. 
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The methods contemplated by the present invention provide for shaking an 
aqueous solution comprising a lipid, in the presence of a temperature activatable gaseous 
precursor. Preferably, the shaking is of suflBcient force such that a foam is formed within 
a short period of time, such as about 30 minutes, and preferably within about 20 minutes, 
5 aiid more preferably, withm about 1 0 minutes; The shaking may mvolve 

microemulsifying, microfluidizing, swirling (such as by vortexing), side-to-side, or up and 
down motion. In the case of the addition of gaseoiis precursor in the liquid state, 
sonication may be used in addition to the shaking methods set forth above. Further, 
different types of motion may be combined. Also, the shaking may occur by shaking the 

10 container holding the aqueous lipid solution, or by shaking the aqueous solution within tiie 
container without shaking the container itself. Further, the shaking may occur manually or 
by machine. Mechanical shakers that may be used include, for exanq)le, the mechanical 
shakers described hereinbefore, with an Espe Csq}mix (Seefeld, Oberay Germany) being 
preferred Another means for producirig shaking includes the action of gaseous precursor 

1 S emitted under hig^ velocity or pressure. 

According to the metfiods described herein,' a gas, such as air, may also be 
provided by the local ambient atmosphere. The local ambient atmosphere can mclude the 
atmosphm within a sealed container, as well as the external environment Alternatively, 
for exarxq>le, a gas may be inj ected into or odierwise added to die container having the 

20 aqueous lipid solution or into the aqueous lipid solution itself to provide a gas other than 
air. Gases that are ligjiter than air are generally added to a sealed container, \^e gases 
heavier than air can be added to a sealed or an misealed container. Accordingly, the 
present invention includes co-entrapment of air and/or other gases along with gaseous 
. precursors. 

25 Hence, the gaseous precursor filled vesicles can be used in substantially die 

same maimer as the gas filled vesicles described herein, once activated by application to 
the tissues of a host, whm such &ctors as temperature or pH may be used to cause 
generation of the gas. It is preferred that the gaseous precursors undergo phase transitions 
fiom liquid to gaseous states near fbs normal body temperature of the host, and are 

30 thereby activated, for example, by the in vivo temperature of the host so as to undergo 
transition to the gaseous phase therein. Alternating, activation prior to I.V. mjection may 
be used, for example, by thermal, mechanical or optical means. This activation can occur 
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where, for example, the host tissue is hiunan tissue having a normal temperature of about 
37''C and the gaseous precursors undergo phase transitions from liquid to gaseous states 
near37''C. 

As noted above, the lipid and/or vesicle compositions may be sterilized by 
5 autoclave or sterile filtration if these processes are performed before the installation step or 
prior to temperature mediate conversion of the temperature sensitive gaseous precursors 
witfain^the compositions. Alternatively, one or more anti-bactericidal agmts and/or 
preservatives may be included in the formulation of the compositions, such as sodium 
benzoate, quatemaxy ammonium salts, sodium azide, methyl paraben, propyl paraben, 

10 soibic acid, ascorbylpalmitate, bu^ated hydroxyanisole, bulylated hydroxytoluene, 
chlorobutanol, dehydioacetic acid, ed^lenediamine, monotfaioglycerol, potassium 
benzoate, potassium metabisulfite, potassium soibate, sodium bisulfite, sulfiir dioxide, and 
oiganio mercurial salts. Sudistmlization,i;^ch may also be achieved by other 
codventional means, sugh as by inadiation, will be necessary vdiere the stabilized vesicles 

IS are used for imaging under inva^ve circumstances, e.g., intravasculariy or 

mtraperitonealy. The appropriate means ofsterilization will be apparent to the artisan 

based on the present disclosure. 

Vesicle compositions vMdh comprise vesicles formulated from proteins 
(also referred to as protein encapsulated microbubbles), such as albumin vesicles, may 
20 be prq>ared by various jnocesses, as will be readily apparent to those skilled in tiie art, 

v.. 

once armed with the present disclosure. Siutable methods include those described, for 
example, in Fcinstcin, U.S. Patent Nos. 4,572,203, 4,718,433 and 4,774,958, and Cemy 
ct al., U.S. Patent No. 4,957,656, the disclosures of v*ich are hereby incorporated 
herein by refexence, in ^ir CTtirefy. Induded anK^ng the methods described in the 

25 aforementioned patents for the preparation of pro^n*based vesicles are meAods vdiich 
involve sonicating a solution of a protein. Ip ineferre4 fonn, the starting material may 
be an aqueous solution of a heat-deniaturable, water-soluble biocompatible protein. The 
encapsulating protein is preferably heat-sensitive so that it can be partially insolubilized 
by heating during sonication. Suitable heat-srasitive protems include, for example, 

30 albunun, hemoglobin, collagen, and the like. Preferably, the protein is a human protein, 
with human serum albumin (HSA) being more preferred, HSA is available 
commercially as a sterile 5% aqueous solution, which is suitable for use m the 
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prq)aration of protein-based vesicles. Of course, as would be apparent to one of 
ordinary skill in the art, other concentrations of albumin, as well as other proteins which 
are heat-denaturable, can be used to prepare the vesicles. Generally speakmg, the 
concentration of HSA can vary and may range from about 0.1 to about 25% by weight, 
5 and all combinations and subcombinations of ranges therein* It may be preferable, in 
connection with certain methods for the preparation of protein-based vesicles, to utilize 
the protein in the form of a dilute aqueous solution* For albumin, it may be preferred 
to utilize an aqueous solution containing from about O.S to about 7.5% by weight 
albumin, with concentrations of less than about 5% by weight being preferred, for 

10 example, from about 0.5 to about 3% by weight 

The protein-based vesicles may be prepared using equipment which is 
commercially available. For example, in connection with a feed peiparation operation 
as disclosed, for example, in Cemy, et al., U.S. Pat^t No. 4,957,656, stainless steel 
. tanks vMch are commercially available from Walker Stainless Equipment Co. (New 

15 Lisbon, WI), and process filters vAddi are commercially available from Nfillipore 
(Bedford, MA), may be utilized. 

The sonication operation may utilize both a heat exchanger and a flow 
through sonciating vessel, in series. Heat exhanger equipment of this type may be 
obtained from ITT Standard (Buf&lo, NY). The heat exchanger maintains operating 

20 temperature for the sonciation process, with temperature ^ntrols ranging from about 
65^C to about 80^C, depending on the makeup of the media. The vibration frequency 
of the sonication equipment may vary ov^ a wide range, for example, from about 5 to 
about 40 kilohertz (kHz), with a majority of the commerically available sonicators 
operating at about 10 or 20 kHz. Suitable sdnicatmg equipment include, for exaimple, a 

25 Somes & Materials Vibra-Cell, equipped with a HaX-Uppcd sonicator hom, commercially 
available from Sonics & Materials, Inc. (Danbury, CT). The power applied to the 
sonicator hom can be varied ova: power settings scaled from 1 to 10 by the 
manu&cturer, as with Sonics & Materials Vibra-Cell Model VL1500. An intermediate 
power setting, for example, from 5 to 9, can be used. It is preferred that the vibrational 

30 frequency and die power supplied be sufficeint to produce cavitation in the liquid being 
sonicated. Feed flow rates may range from about 50 mL/min to about 1000 mL/min, 
and all combinations and subcombinations of ranges therein. Residence times in the 
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sonication vessel can range fiom about 1 second to about 4 minutes, and gaseous fluid 
addition rates may range from about 10 cubic centimeters (cc) per minute to about 100 
cc/min, or 5% to 25% of the feed flow rate, and all combinations and subcombinations 
of ranges therein. 

5 It may be preferable to carry out die sonication in such a manner to 

produce foaming, and especially intense foaming, of the solution. Generally speaking, 
intense foaming and aerosolating are important for obtaining a contrast agent havmg 
enhanced concentration and stability. To promote foaiming, the power input to the 
sonicator hom may be increased, and the process may be operated under mild pressure, 

10 for example, about 1 to about 5 psi. Foaming may be easily detected by die cloudy 
appearance of the solution, and by the foam produced 

Suitable methods for the preparation of protem-based vesicles may also 
involve physically or chemically altering the protein or protein derivative m aqueous 
soludon to denature or fix the material. For example, protein-based vesicles may be 

IS prepared from a 5% aqueous solution of HSA by heating after formation or during 
formation of the contrast agent via sonication. Chemical alteration may involve 
chemically denaturing or fixmg by binding the protein with a difimctional aldehyde, 
such as gluteraldehyde. For example, the vesicles may be reacted with 0.2S grams of 
50% aqueous gluteradehyde par gram of protein at pH 4.5 for 6 tours. The unreacted 

20 gluteraldehyde may then be washed away fit»m the proteixL 

In any of the techniques desCTibed above for the preparation of protein- 
based vesicles, the targeting ligands may be incorporated with die proteins before, 
during or after formation of the vesicles, as would be qiparmt to one of ordinary skill 
121 the art, once armed with the present disclosure. 

25 Vesicle compositions ^ch comprise vesicles formulated from polymers 

may be prepared by various processes, as will be readily appareat to those sidlled in the 
art, once armed with die present disclosure. Exemplary processes mclude, for example, 
interfacial polymerization, phase separation and coacervation, multiorifice centrifugal 
preparation, and solvent eviration. Suitable procedures vMdti may be raiployed or 

30 modified in accordance with the presrat disclosure to prepare vesicles fiom polymers 
include those procedures disclosed in Gamer et aL, U.S. Patent No. 4,179,546, Garner, 
U.S. Patent No. 3,945,956, Cohrs et al., U.S. Patent No. 4,108,806, Japan Kokai 
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Tokkyo Koho 62 286534, British Patent No. 1,044,680, Kenaga et al., U.S. Patent No- 
3,293,1 14, Morehouse et al., U.S. Patent No* 3,401,475, Walters, U.S. Patent No. 
3,479,81 1, Walters et al., U.S. Patent No. 3,488,714, Morehouse et al„ U.S. Patent No. 
3,615,972, Baker et al., U.S. Patent No. 4,549,892, Sands et aL, U.S. Patent No. 
5 4,540,629, Sands et al., U.S. Patent No. 4,421,562. Sands, U.S. Patent No. 4,420,442, 
Mathiowitz et al., U.S. Patent No. 4,898,734, Lencid et al., U.S. Patent No. 4,822,534, 
Herbig et al., U.S. Patent No, 3,732,172, Htmmel et al„ U.S. Patent No. 3,594,326, 
SommcrviUe et al., US. Patent No. 3,015,128, Dcasy, Microencapsulation and Related 
Drug Processes, Vol. 20, Cais. 9 and 10, pp. 195-240 (Maicel Dckker, Inc., N.Y., 

10 1984), Chang et al., Canadian J. cf Phydology and Phamacotogy, Vol 44, pp. 1 15-129 
(1966), and Chang, Science, VoL 146, pp. 524-525 (1964), the disclosures of each of 
which are incorporated herem fay reference in their ratirety. 

In accordance vnth a prefened synthesis protocol, the vesicles may be 
prepared using a heat e^qKuision process, such as, for example, the process described in 

15 Gamer et al., U.S. Patent No. 4,179,546, Garner, U.S. Patent No. 3,945,956, Cohrs et 
al., U.S. Patent No. 4,108,806, British Patent No. 1,044,680, and Japan Kokai Toklqro 
Koho 62 286534. In general terms, the heat expansion process may be carried out by 
preparing vesicles of an expandable polymer pr copolymer which may contain in tfadr 
void (cavity) a volatile liquid (gaseous precursor). The vesicle is then heated, 

20 plasticising the vesicle and converting tfie volatile liquid into a gas, causing the vesicle 
to expand to up to about several times its ori^nal size. When the heat is removed, the 
thermoplastic polymer retains at least some of its expanded shape. Vesicles produced 
by this process tend to be of particularly low density, and are thus preferred. The 
foregoing described process is well known in the art, and may be referred to as the heat 

25 expansion process for preparing low density vesicles. 

Polymers usefol in &e heat expansion process will be readily apparent to 
those skilled in the art and include thermoplastic polymers or copolymers, including 
polymers or copolymers of many of the monomers desoibed above. Preferable of tiie 
polymers and copolymers described above include the following copolymers: 

30 polyvinylidcne-polyacrylonitrile, polyvmylidCTe-polyacrylonitrile-polymethyl- 
methacrylate, and polystyrene-polyacrylonitrile. A most preferred copolymer is 
polyvinylidene-ix>lyacrylonitriIe. 
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Volatile liquids usefiil in the heat expansion process ^1 also be well 
known to those skilled in the art and include: aliphatic hydrocarbons such as ethane, 
ethylene, propane, propene, butane, isobutane, neopentane, acetylene, hexane, heptane; 
chlorofluorocarbons such as CCljF, CCljFj, CCIF,, CGlFz-CCl^j, chloroheptafluoro- 

5 cyclobutane, and 1,2-dichlorohexafluorocyclobutane; tetraalkyl silanes, such as 
tetramethyl silane, trimethylethyl silane, trimethylisdpropyl sUane, and trimethyl n* 
propyl silane; as well as perfluorocarbons, including the perfluorocarbons described 
above. In gen^^ it is important that the volatile liquid not be a solvent for the 
polymer or copolymer being utilized. It is also preferred that the volatile liquid have a 

10 boiling point that is below the softening point of the involved polymer or co-polymer. 
Boiling points of various volatile liquids and softening points of various polymers and 
copolymers will be readily ascertainable to one skilled in the art, and suitable 
combinations of polymers or copolymers and volatile liquids will be easily {^parent to 
the skilled artisan. By way of guidance, and as one skilled in the art would recognize, 

15 graerally as the length of the carbon chain of the volatile liquid increases, the boiling 
point of that liquid inoreases also. Also, mildly preheating tiie vesicles in water in the 
presence of hydrogen peroxide prior to definitive heating and expansion may pre-sdfien 
the vesicle to allow e^qiansion to occur more readily. 

For example, to produce vesicles fiom synthetic polymers, vinylidene and 

20 acrylonitrile may be copolymerized in a medium of isobutane liquid using one or more 
of the foregoing modified or unmodified literature procedures, such that isobutane 
becomes entrapped within the vesicles. When sudi vesicles are then heated to a 
temperature of firom about SOX to about 120*^C, the isobutane gas e^qpands, whidi in 
turn mpands the vesicles. Afto heat is removed, the e3q>anded polyvinylidene and 

25 aoylo-nitrile copolymer vesicles remain substantially fixed in their expanded position. 
The resulting low den^ty vesicles are extremely stable both dry and suspended in an 
aqueous medi& Isobutane is utilized herdn merely as an illustrative liquid, with the 
understanding that other liquids ^ch undergo liquid/gas transitions at temperatures 
usefiil for the synUiesis of these vesicles and formation of the very low densiQr vesicles 

30 upon heating can be substituted for isobutane. Similarly, monomers other than 
vinylidene and acrylonitrile may be employed in preparing the veddes. 
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In certain preferred embodiments, the vesicles which are formulated from 
synthetic polymers and vMch may be eaq)loyed m die methods of the present invention 
are commercially available from Expanoel, Nobel Industries (Sundsvall, Sweden), 
including EXPANCEL 551 DE™ microspheres. The EXPANCEL 551 DE™ 
5 microspheres are composed of a copolymer of vinylidene and aciylonitrile which have 
encapsulated therein isobutane liquid. Such microspheres are sold as a dry composition 
and are approximately 50 midons m size. The EXPANCEL 551 DE™ microsphere 
have a specific gravity of only 0.02 to 0.05, which is between one-fiftieth and one- 
twentieth tiie density of water. 

10 In any of the techniques described above for the preparation of polymer- 

based vesicles, die targeting ligands may be incorporated with thd polymers before, 
during or after formation of the vesicles, as.would be apparent to one of ordmary skill 
in the art, once armed with the present disclosure. 

As with the preparation of lipid and/or vesicle compositions, a wide'variety 

15 of techniques are available for the preparation of lipid formulations. For example, the 
lipid and/or vesicle formulations may be prepared fiom a mixture of lipid compounds, 
bioactive agent and gas or gaseous precursor. In this case, lipid con4x>sitions are prepared 
as described above m which the compodtions also comprise bioactive agent Thus, for 
exaiE^le, miceUes can be prepared in the presence of a bioactive agent In connection with 

20 lipid compositions which comprise a gas, the preparation can involve, for example, 

bubbling a gas directiy into a mixture of the lipid compounds and one or more additional 
materials. Alternatively, the lipid compositions may be preformed fiom lipid compounds 
and gas or gaseous precursor. In the latter case, the bioactive agent is then added to the 
lipid composition prior to use. For example, an aqueous mixture of liposomes and gas 

25 may be prepared to vMch the bioactive agent is added and which is agitated to provide the 
liposome formulation. The liposome formidation can be readily isolated since the gas 
and/or bioactive agent filled liposome vesicles generally float to the top of the aqueous 
solutiorL Excess bioactive agent can be recovered fiom the remaining aqueous solution. 

As those skilled in the art will recognize, any of the lipid and/or vesicle 

30 compositions and/or lipid and/or vesicle formulations may be lyophilized for storage, and 
reconstituted, for example, with an aqueous medium (such as sterile water, phosphate 
buffered solution, or aqueous saline solution), with the aid of vigorous agitation. To 
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prevent agglutination or fusion of the lipids and/or vesicles as a result of lyophilization, it 
may be useful to include additives which prevent such fusion or agglutination fiom 
occurring. Additives which inay be useful include sorbitol, manmtol, sodimn chloride, 
glucose, trehalose, polyvinylpyrrolidone and poly(ethylene glycol) (PEG), for example, 
5 PEG 400. These and other additives are described in the literature, such as in the U.S. 
Phannacopeia, USP XXD, NF XVH, The United States Pharmacopeia, The National 
Formulary, United States Pharmacopeial Convention Inc., 12601 Twinbrook Paricway, 
Rbckville, MD 208S2, the disclosures of which are hereby incotporated herein by 
reference in their entuety. Lyophilized preparations generally have the advantage of 

10 greater shelf life. 

As discussed above, the compositions of the present invention, including 
gas and/or gaseous precursor filled vesicles, are useful as contrast agents for diagnostic 
imaging, including, for example, ultrasound imaging (US), computed tomography (CT) ' 
imaging, including CT angiography (CTA) imaging, magnetic resonance (MR) imaging, 

1 S magnetic resonance angiography (MRA), nuclear medicine, optical imaging and 
elastography. 

In accordance with the present invention, there are provided methods of 
imaging one or more regions of a patient. The present invention also provides methods for 
diagnosing the presence or absence of diseased tissue in a patient The methods of the 

20 present invention involve the administration of a contrast medium, in the form of a lipid 
and/or vesicle composition, to a patient The patient is scanned using diagnostic imaging 
includmg, for example ultrasound imaging, to obtain visible linages of an internal region 
of a patient The methods are especially useful in providing images of the heait region, the 
gastrointestinal region or the lymphatic system, but can also be employed more broadly to 

25 image other internal regions of the patient including, for example, the vasculature. Hie 
phrase "gastrointestinal region" or "gastrointestinal tract," as used herein, includes the 
region of a patient defined by the esophagus, stomach, small and large intestines and 
rectum, llie preseiit mediods can also be used in connection with the delivery of a 
bioactive agent to an internal region of a patient 

3 0 As one skilled in the art would recognize, administration of the lipid and/or 

vesicle compositions of the present invention can be carried out in various feshions, 
namely, parenterally, orally, or intraperitoneally. Parenteral adininistration, vAdch is 
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preferred, includes administiation by the following routes: intravenous; intramuscular; 
interstitiall^» intra-arteriaily; subcutaneous; intraocular intiasynovial; transepitfaelial, 
including transdermal; pulmonaiy via inhalation; ophdiabnic; sublmgual and buccal; 
topically, including ophthalmic; demial; ocular; rectal; and nasal inhalation via 
S insufiQation* Intravenous administradon is preferred amoiig the routes of parenteral 
adnunistratiorL The useful dosage to be admiiiistered and the particular mode of 
administration will vary depending upon the age* wei^^t and the particular mammal and 
region thereof to be scanned, and the particular contrast agent employed Typically, 
dosage is initiated at lower levels and increased until the desired contrast enhancement is 

10 achieved. Various combinations of the lipid compositions may be used to alter properties 
as desired, including viscosit|r, osmolari^ or palatability. In carrying out die imaging 
methods of the present invention, the contrast medium can be used alone, or in 
combination witii di£^stic, therapeutic or other agents. Such other agents mclude 
excipients such as flavoring or coloring materials. Ct imaging techniques which are 

i 5 employed are conventional and are described, for example, m Confuted Body 

Tomography, Lee, J.K.T., Sagel, S.S., and Stanley, RJ., eds^ 1983, Ravens Press, New 
York, N.Y., especially the first two chapters thereof entitied Physical Principles and 
Instrumentation'', Ter-Pogossian, M.M., and ""Technique^, Aronberg, D J-, the disclosures 
of which are incorporated by reference herein in their entirety. 

20 In the case of <tiagnostic implications, siich as ultrasound and CT, energy, 

such as ultrasonic energy, is applied to at least a portion of the patient to image the target 
tissue. A visible image of an internal region of the patient is then obtained, such that the 
presence or absence of diseased tissue can be ascertained TK^th respect to ultrasound, 
ultrasonic imaging techniques, including second harmonic imaging, and gated im ag in g, 

25 are well known in the art, and are described, for example, m Uhlendorf, "Physics of 
Ultrasound Contrast Imaging: Scattering in the Linear Range", IEEE Transactions on 
Ultrasonics, Ferroelectrics, and Frequency Control, Vol. 14(1), pp. 70-79 (1994) and 
Sutiierland, et al, "Color Doppler Myocardial hna^g: A New Technique for the 
Assessment of Myocardial Function", Journal of the American Society of 

30 Echocardiography, Vol. 7(5), pp. 44M58 (1994), die disclosures of which are hereby 
incorporated herein by reference in their entirety. 
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Ultrasound can be used for both diagnostic and ther^ In 
diagnostic ultrasound, ultrasound waves or a train of pulses of ultrasound may be applied 
with a transducer. The ultrasound is generally pulsed rather than continuous, although it 
may be continuous, if desired. Thus, diagnostic ultrasound generaUy involves the 
S s^Ucation of a pulse of echoes, after which, during a listening period, the ultrasound 
transducer receives reflected signals. Harmonics^ ultrahamonics or subhaimonics may be 
used The second harmonic mode may be beneficially employed, in vdiich the 2x 
fiiequenqr is received, where X is the incidental fi:equen^. This may serve to decrease the 
signal fiom the background niaterial and enhance the sigpal fiom the transd 
1 0 targeted contrast media of the present invention ^ch may be targeted to the desired site, 
for example, blood clots. Other harmonics signals, such as odd harmonics signals, for 
example, 3x or Sx, would be similariy received using tiiis method Subluunmonic signals, 
for example, x/2 and x/3, may also be received and pn)cessed so as to foim an una^ 

In addition to tiie pulsed metiiod, continuous wave ultrasound, for exainple, 
1 S Power Doppler, may be i^lied This may be particulariy usefiil where rigid vesicles, for 
example, vesicles formulated fiom polymetl^ metfaacr^ate, are en^loyed In tiiis ease, 
the relatively higher energy of the Power Doppler may be made to resonate the vesicles 
and thereby promote their mpture. This can create acoustic emissions which may be in the 
subharmonic or ultraharmonic range or, in some cases, in tiie same fiiequency as the 
20 aipplied ultrasound. It is contemplated that there will be a spectrum of acoustic signatures 
released in this process and the transducer so en9)loyed may receive the acoustic 
emissions to detect, for example, the presence of a clot In addition, the process of vesicle 
rupture may be employed to transfer kinetic energy to ttie sur&ce, for example of a clot to 
promote clot lysis. Thus, therapeutic thrombolysis may be achieved during a combmation 
25 of diagnostic and therapeutic ultrasound Spectral Doppler may also be employed In 
general^ the levels of energy fix>m diagnostic ultrasound are insufEicient to promote the 
nocture of vesicles and to facilitate release and cellular uptake of the bioactive agents. As 
noted above, diagnostic ultrasound may involve the {plication of one or more pulses of 
sound Pauses between pdises permits the reflected sonic signals to be received and 
30 analyzed. The limited number of pulses used in diagnostic ultrasound limits the effective 
energy which is delivered to the tissue that is being studied. 
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Higher eneigy ultrasound, for example, ultrasound which is generated by 
therapeutic ultrasound equipment, is generally capable of cau^ ruptuie of the vesicle 
species. In general, devices for therapeutic ulttasound employ from about 10 to about 
100% duty cycles, depending on the area oftissue to be treated with the ultrasound. Areas 
S of the bod^ i^ch are generally characterized fay larger amounts of muscle mass, for 
^cample, backs and thigjis, as well as hig^y vascularized tissues, such as heart tissue, may 
require a larger duty cycle, for exan^ile,!^) to about 100%. 

In ther!q>eutic ultrasound, contmuous wave ultra^und is used to deliver 
higher energy levels. For the nature of vesicles, contmuous wave ultrasound is preferred, 

10 although the sound energy may be pulsed also. If pulsed sound energy is used, the sound 
will ^nerally be pulsed in echo train lengths of from about 8 to about 20 or more pulses at 
atime. Preferably, the echo train lengths are about 20 pulses at a time. In addition, the 
fiequencgr of the sound used may vary from about 0.025 to about 100 megahertz (MHz); 
In general, frequency for therq)eutic ultrasound preferably ranges between about 6.75 and 

15 about 3 NfHz, with from about land about 2 MHz being more pre&ned. Inaddition, 
energy levels may vary fix)m about 0.5 Watt (W) per square centimeter (cm^) to about 5.0 
W/cm^ with energy levels of from about 0.5 to about 2.5 W/cm^ being preferred. Energy 
levels for tfierapeutic ultrasound involving hyperthermia are generally from about 5 Wcw? 
to about 50 Wcm\ For very small vesicles, for example, vesicles having a diameter of 

20 less than about 0.5 fim, hig^ frequencies of sound are generally preferred. This is 

because smaller vesicles are capable of absorbing sonic energy more effectively at higher 
frequencies of sound. When very hig^ frequencies are used, for example, greater than 
about 10 MHz, the sonic energy will generally penetrate fluids and tissues to a limited 
depth only. Thus, external application of the sonic energy may be suitable for skin and 

25 other superficial tissues. However, it is generally necessary for deep structures to focus 
the ultrasonic eneigy so that it is preferentially directed within a focal zone. Alternatively, 
the ultrasonic energy may be applied via interstitial probes, intravascular ultrasound 
catheters or endoluminal caAeters. Such probes or catheters may be used, for example, in 
the esophagus for the diagnosis and/or treatment of esophageal carcinoma. In addition to 

30 the therapeutic uses discussed above, the present compositions can be employed in 
coimection with esophageal carcinoma or in the coronary arteries for the treatment of 
atherosclerosis, as well as the therapeutic uses described, for example, in U.S. Patent No. 
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5,149 J 19, tfie disclosures of wiuch are hereby incorporated herein by reference, in their 
entirety. 

A therapeutic ultrasound device may be used wliich employs two 
frequencies of ultrasound. The first frequency may be x, and the second frequency may be 
S 2x. In preferred fonn, the device would be designed such that the focal zones of the first 
and second fi:equencies conveige to a single focal zone. Hie focal zone of the device may 
then be duected to the targeted compositions, for example, targeted vesicle compositions, 
withm the targeted tissue. This ultrasound device may jnovide second harmonic therapy 
wifii simultaneous £^plication of the x and 2x frequencies of ultrasound enetgy. It is 

1 0 contemplated Uiat, in the case of ultrasoimd involving vedcles, diis second harmonic 
therapy may provide improved rupturing of vesicles as conq)ared to ultrasound energy 
involving a single frequency. Also, it is contemplated that the preferred fiequehcy range 
rimy reside within the fundamental hannomcfi:eque^ Lower energy' 

may also be used wdth this device. An ultrasound device which may be employed in 

1 S coimection widi the aforementioned second harmonic ther^y is described, for example, in . 
Kawabata, K. et al.. Ultrasonics Sonachemistty^ Vol. 3, pp. 1-5 (1996), the disclosures of 
which are hereby incorporated herein by reference, in their entirety. 

The concentration of lipid required to form a desired stabilized vesicle level 
will vary depending upon the type of lipid used, and may be readily determined by routine 

20 experimentatioiL For example, in preferred embodiments, the concentration of 1 ,2- 

dipahnitoylphosphatidylcholinc (DPPC) used to form stabilized vesicles according to the 
methods of the present invention is about 0. 1 mg/ml to about 30 mg/mi of saline solution, 
more preferably bom about 0.5 mg/ml to about 20 mg/ml of saline solution, and most 
preferably fix)m about 1 mg/ml to about 10 mg/ml of saline solution. The concentration of 

25 distearoylphosphatidylcholine (DSPC) used in preferred embodiments is about 0.1 mg/ml 
to about 30 mg/ml of saline solution, more preferably from about 0.5 mg/ml to about 20 
mg/ml of saline solution, and most preferably fiom about 1 mg/ml to about 10 mg/ml of 
saline solutiori. The amount of composition which is administered to a patient can vary. 
Typically, the IV dose may be less than about 10 mL for a 70 Kg patient, with lower doses 

30 being preferred. 

In addition to the methods disclosed above, another embodiment of 
preparing a targeted contrast medium comprises combining at least one biocompatible 
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lipid and a gaseous precuisor; agitating until gas filled vesicles are fonned; adding a 
targeting ligand to said gas filled vesicles such that the targeting ligand binds to said gas 
filled vesicle by a covalent bond or non-covalent bond; and a^tating until a contrast agent 
comprising gas filled vesicles and a targeting ligand result Rather than agitating until gas 
S filled vesicles are formed before adding the targeting ligand, the gaseous precursor may 
remain a gaseous precursor until the time of use. That is, the gaseous precursor is used to 
prepare the contrast medium and the precursor is activated in vrvo, by temperature for 
example. 

Alternatively, a mediod of preparing a contrast medium tari^ted to 

10 endothelial cells may comprise combining at least one bioconq>atible lipid and a targeting 
ligand such that the targeting ligand binds to said lipid by a covalent bond or non-covalent 
bond, adding a gaseous precursor and agitating until a contrast medium comprising gas 
filled vesicles and a targeting ligand result In addition, the gaseous precursor may be ' 
added and reniain a gaseous precursor until the time of use. That is, the gas^ 

IS is used to prepare the contrast medium having gaseous precursor filled vesicles and a • 
targeting ligand which result for use in vivo. 

Alternatively, the gaseous precursors may be utilized to create stable gas 
filled vesicles with targeting ligands which are pre-fonned prior to use. In this 
embodiment, the gaseous precursor and tai^eting ligand are added to a container housing a 

20 suspending and/or stabilizing medium at a temperature below the liquid-gaseous phase 
transition temperature of the respective gaseous precursor. As the temperature is then 
exceeded, and an emulsion is formed between the gaseous precursor and liquid solution, 
the gaseous precursor undergoes transition fiom the liquid to the gaseous state. As a result 
of this heating and gas formation, the gas displaces tiie air in the head space above the 

25 liquid suspension so as to form gas filled lipid spheres which entrap the gas of the gaseous 
precursor, ambient gas for example, air, or coentrap gas state gaseous precursor and 
ambient air. This phase transition can be used for optimal mixing and stabilization of the 
contrast medium. For example, the gaseous pr^ursor, perfluorobutane, can be entrapped 
m the biocompatible lipid or other stabilizing compound, and as the temperature is raised, 

30 beyond 4'' C (boiling point of perfluorobutane) stabilizing compound entrapped 

fluorobutane gas results. As an additional example, the gaseous precursor fluorobutane, 
can be suspended in an aqueous suspen^on containing emulsifying and stabilizing agents 
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such as ^ycerbl or prop^ene glycol and vortexed on a commeicial voitexer. Vortexing is 
commenced at a temperature low enougli that the gaseous precursor is liqwd and is 
continued as the temperature of the sample is raised past the phase transition tempetatuxe 
fix)m the liquid to gaseous state. In so doing, the precmsor converts to the gaseous state 
S during the microemulsificadon process. In die presence of the appropriate stabilizing 
agfflts, surprisingly stable gas filled vesicles and targeting ligand result 

Accordingly, the gaiseous precursors may be selected to form a gas filled 
vesicle in vivo or may be designed to produce die gas filled vesicle in situ, during the 
mamifiicturing process, on storage, or at some time prior to use. 

1 0 It will be und^ood by one skilled in die art, once armed widi the present 

disclosure, that the lipids, proteins, polymers and odier stabilizing co^^>ounds used as 
starting materials, or the vesicle final products, may be manipulated prior and subsequent 
to being subjected to the methods contraiplated by the present inventiort For example, the 
stabilisdng compound such as a bioconqiattble lipid may be hydrated and then lyophilized, 

15 processed through fi:eeze and thaw cycles, or sillily hydrated. In preferred embodiments, 
the lipid is hydrated and dien lyophilized, or hydrated, then processed throu^ fieeze and 
thaw cycles and then lyophilized, prior to the formation of gaseous precursor filled 
vesicles. 

Accordirig to the mediods contemplated by the present invendon, the 
20 presence of gas, such as and not limited to air, may also be provided by the local ambient 
atmosphere. The local ambient atmosphere may be die atmosphere within a sealed 
container, or in an unsealed container, may be fhe external environment Alternatively, for 
example, a gas may be inj ected into or otherwise added to the container having the 
aqueous lipid solution or into die aqueous lipid solution itsdf m order to provide a gas 
25 other than air. Gases that are not heavier tiian air may be added to a sealed container while 
gases heavier than air may be added to a sealed or an unsealed contamer. Accordingly, the 
present inyention includes co*entrapment of air and/or other gases along with gaseous 
precursors. 

As already described above in the section dealing with the stabilizing 
30 compound, the preferred methods contemplated by the present invention are carried out at 
a temperature below the gel state to liquid crystalline state phase transition temperature of 
the lipid employed. By "gel state to liquid crystalline state phase transition temperature". 
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it is meant the temperature at vdiich a lipid bilayer will coaveit fiom a gel state to a liquid 
crystalline state. See, for example. Chapman a/., J. BioL Chem, 1974, 249, 2S12-252L 
Hence, the stabilized vesicle precursors described above, can be used in the 
same manner as the odier stabilized vesicles used in the present invention, once activated 
5 by qypUcation to tiie tissues ofa host, where such &ctors«s temperature 

used to cause generation of the gas. It is prefened that this embodiment is one indierein die 
gaiseous precursors tmdeigo phase transitions fix>m liquid to gaseous states at near the 
normal body temperature of said host, and are thereby activated by the ten^)erature of said 
host tissues so as to imdergo transition to die gaseous phase therein. More preferably still, 

1 0 this method is one vdierein the host tissue is human tissue havuxg a normal ten^>erature of 
about 37''C, axid wherein the gaseous precursors undergo phase transitions fiom liquid to 
gaseous states near 37^C. 

All of die above embodunents involving preparations of the stabilized gas 
filled vesicles used in the present invention, may be sterilized by autoclave or sterile 

1 5 filteition if these processes are performed before eitiier the gas instillation step or prior to 
temperature mediated gas conversion of the temperature sensitive gaseous precis 
withm the suspension. Alternatively, one or more anti*bactiericidal agents and/or 
preservatives may be included in the fomiulation of the contrast medium, such as sodiiun 
benzoate, all quaternary ammonium salts, sodium azide, methyl paraben, propyl paraben, 

20 sdrbic acid, ascorbylpalmitate, butylated hydroxyanisole, butylated hydroxytoluene, 
chlorobutanol, dehydroacetic acid, ethylenediamine, monothiogiycerol, potassiimi 
benzoate, potassium metabisulfite, potassium sorbate, sodiiun bisulfite, sulfur dioxide, and 
organic mercurial salts. Such sterilization, which may also be achieved by other 
conventional means, such as by irradiation, will be necessary where the stabilized 

25 microspheres are used for imaging under invasive circumstances, for example, 
intravascularly or intraperitoneally. The appropriate means of sterilization will be 
apparent to the artisan instructed by the present description of the stabilized gas filled 
vesicles and tiieir use. The contrast medium is generally stored as an aqueous sxispension 
but in the case of dried vesicles or dried lipidic spheres the contrast medium may be stored 

30 as a dried powder ready to be reconstituted prior to use. 

The novel compositions of the present invention, and especially the vesicle 
compositions, are useful as contrast media in diagnostic imaging, and are also suitable for 
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use in all areas where diagnostic imaging is employed. However, the stabilized vesicles 
are particularly usefid for perfusion imaging. 

Diagnostic unaging is a means to visualize internal body regions of a 
patient Diagnostic imaging uicludes» for example, ultrasound (US), magnetic resonance 
S imaging (MRI), nuclear magnetic resonance (NMR), computed tomography (CI), electron 
spm resonance (ESR); nuclear medicine when the contrast medium mcludes radioactive 
material; and optical imaginBi particulaiiy with a fluorescrat contrast medium. Diatgnostic 
ima^ng also includes promoting the rupture of the vesicles via the methods of the present 
invration. Forexample,ultrasoundmaybeusedtovisualizethe vesicles and verify 

10 localization ofthe vesicles in certain tissue, hi addition, ultrasound may be used to 

promote rupture of the vesicles once tfie vesicles reach ttie intended target, includmg tissue 
and/or recq>tor destination, thus releasing a bioactive agent and/or dia^ostic agent 

hx accordance with the present invention, there are provided methods of 
imaging a patient generally, and/or in specifically diagnosing the presence of diseased 

IS tissue in a padent The imaging process of flic present invention may be carried out by 
administering a contrast medium of die invention to a patient, and then scanning the 
patient using, for «cample, ultrasound, computed tomography, and/or magnetic resonance 
imaging, to obtain visible images of an internal region of a padeiit and/or of any diseased 
tissue in that region. By r^ondfa patient, it is meant the ^olepati^t or a particular 

20 area or portion of die patient The contrast medium may be particulariy usefid in 

providing images of tissue, such as myocard|ial, endothelial, and/or epithelial tissue, as 
well as die gastromtestinal and cardiovascular regions, but can also be employed more 
broadly, such as in imaging the vasculature or in other ways as will be readily ^^parent to 
those sldlled in the art Cardiovascular region, as that phrase is used herein, denotes the 

25 region ofthe patient defined by the heart and the vasculature leading direcdy to and from 
the heait The phrase vasculature, as used herein, denotes the blood vessels (arteries, 
veins, etc.) in the body or in an oigan or part of the body. The patient can be any type of 
mammal, but most preferably is a human. 

The present invention also provides a method of diagnosing the presence of 

30 diseased tissue. Diseased tissue includes, for example, endothelial tissue which results 
fit>m vasculature that supports diseased tissue. As a result, the localization and 
visualization of endothelial tissue to a region of a patient which under normal 
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ciicumstances is not associated with endothelial tissue provides an indication of diseased 

tissue in the region. 

In caxiying out the magnetic resonance imaging method of the present 

invention, the contrast medium can be used alone» or in combination with oAer diagnostic, 
S therapeutic or other agents. Such other agents include exdpients such as flavoring or 

coloring materials. The magnetic resonance ims^ing techniques \Mch are employed are 

conventional and are described, for example, in DM Kean and M. A. Smith, Magnetic 

Resonance Imaging: Principles and Applications, (\^lliam and Wilkins, Baltimore 1986). 

Contemplated MRI techniques include, but are not limited to, nuclear magnetic resonance 
10 (NMR) and electronic spin resonance (ESR), The prefeired imaging modality is NMR. 

The invention is finther demonstrated in the following examples. 

Examples 1 to 8, 13 to IS, 20 to 22, 27, 28, 42, 43 to 45 and 47 and 48 are actual exiamples 

and Examples 9 to 12, 16 to 19, 23 to 26, 29 to 41 and 49 to 59 are prophetic examples. 

Example 46 is both actual (in pait) and prophetic (m part). The examples are for purposes 
1 5 of illustration and are not intended to limit the scope of the present invention. 

EXAMPLES 

Example 1 

This Cfxample is directed to the preparation of N,!^- 
bis(hexadecylaminocarbonyimetiiylene)-(P-N,N,N-trimethylammonium 
20 ethylaminocarbonj1methylene>-NJNP'KlimethyI-N-N'-^^ tetraiodide (EDTA- 

HA-TMA tetraiodide), which has the following formula. 
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A. Preparation of NJ4'-bis-<hexadecylaminocaito 
ethylenediamine-N^-diacetic acid (EDTA-HA). 




H33PI6 



Ethylenediaminetetraacetic acid dianhydride (2.56 g, O.Ol mole) in diy 
methanol (30 mL) and hexadccylamine (4.82 g, 0.02 mole) in diy methanol (60 mL) were 
5 combined and stirred at 50'*C for 6 hours, the resulting white solid was isolated by 
filtration and dried at room temperature under vacuum to yield 3.43 g (64%) of EDTA- 
HA. . 

IR; 3320 cm ' for OH, 1670 cm'' for C=0 (caibonyl). 
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B. Piepairad<mofNJ)'-lMS-(b«ca(te^lammocaibonylmethylene>N^-P^ 
N,N-dimethylamiiio^ylaiiuiiocaibmi^iiiedi^eiie)^^ 
(EDTA-HA-DMA). 




QY^H^^^NH (pH3 



to a cooled (S^C) solution of EDTA-HA fiom Step A (3.69 g, 0.005 mole), 
5 N^N-dimethyledijdenedianune (0.88 g, 0.01 mole) and CHClj (100 mL) was added 
diopwise a solution of DCXJ (2^7 g, 0.01 1 mole) in CHQj (20 mL). The resulting 
«nulsion was stilted at nHmtoopeiatuie for abom 24 hours and ffl The filtrate was 
washed with 0.5% acetic add (100 mL) to deccm^se any e^tcessDCC. A white milky 
solution was observed vAdsh sqarated into two Is^eis. The lower organic layer was dried 
. 10 ovemi^t (NagSO^) ami concodrated in vtumo to jnovide 3.81 g of EDTA-HA-DMA as a 
stiSL solid. 

IR: 3280 cm ', 2900 cm«, 1640 cm ', 1530 cm ' 
C. Preparation of £DTA4IA-'IMAtetrBiodide. 

EDTA-HA-DMA fiom Stq> B (4.22 g. 4.77 mmole), iodomethane (3.41 g, 
15 24 inmole) and etfaanol 00 tnL) were combined and iefluxedfi>r 2 hours. The reaction 
mixture was concentrated and the readue was lyophilized overnight 4.98 g of the title 
product (EDTA-HA-TMA t^odide) was obtained as a yellow solid. 

mi 3260 cm-', 1650 cm*'. 
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Example 2 

This exainple is directed to the preparation of N^N*- 
bis(hexadecyloxycaibonylmethylene)-N<p-N^^-trimethyIanim 
aminocarbonylmethylene)^N-mcthyl->r-<ca^ diiodide 
S (EDTA-HAL-DMA diiodide), vAdch has the following fonnuia. 




CH3 



A. Preparation of NJ^-bis-(hexadecyloxycarbonyimethylene)- 
ethylenediaminc-N J^'-diacctic acid (EDTA-HAL), 



H33Pie^ 




H33P16 



Hexadecyl alcohol (4.84 g, 0.02 mole), dry dimethytformamide (20 mL), 
dry triethylamirie (3.3 g) and ethylenediaminetetraacetic acid dianhydride (2.56 g, 0.01 
10 mole) were combined and stirred at 50*^0 for 2 hrs. The reaction mixture was poured into 
cold water (200 mL) and the resulting aqueous mixture was acidified with HCl. The 
resulting white precipitate was isolated by filtration and the filter cake was washed with 
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water. Reciystallization of the white solid firom edianol yielded m.p. 
103^C 

B. Preparation of N,hr4)is(hexadecylo)^caibonyb^ 
dimethylaminoethylazninoca]tonyl>I^<^u:^ acid (EDTA-HAL-DMA). 




5 To a cooled (5^C) solution of EDTA-HAL from Step A (3.70 g, 0.005 

mole), NJ4-dunethyleth^enediamine (L598 g, 0.0175 mole) and CHCI3 (100 mL) was 
added dropwise a solution of (DCC) (3.60 g, 0.0175 mole) in CHCI3 (20 mL). A 
precipitate formed, and the reaction mixture was stirred at room temperature for about 24 
hours, the reaction mixture was filtered and tfie filtrate was washed with 0.5% acetic acid 

10 (100 mL) to decompose any excess DCC. A white milky solution formed which separated 
into two layers. The bottom organic layer was dried and concratrated in vacwp to yield 
3.85 g of EDTA-HAL-DMA as a viscous liquid. 

C. Preparation of EDTA-'HAL-DMAdiiodide. 

EDTA-HAL-DMA from Step B ^.36 g, 0.0027 mole), iodomethane (3.81 
15 g) and ethanol (50 mL) were combined and refluxed for 2 hrs. The solution was 

concentrated in vacuo and the resulting residue was lyophilized overnight 2.96 g of the 
title compound (EDTA-HAL-DMA <Uiodide) was obtamed as a yeUowish solid 
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Exflmnle 3 

This example is directed to the pcepaiati 
bis(hexadecyloxycazbon^medi^ene)-N-<p-N,N^-tri^ 

aiimocaxbonylmethylene>N-TOethyl44*-^caii^ diiodide 
S (EDTA-HA-DMA diiodide), iwfaich has the folloiving fonnula. 




A. Preparation of NJ^*bis(hexadecylaminoca]i)onybne^^^ 
ethyleriediainine-N J4'-diacctic acid (EDTA-HA). 




Hexadecylamine (4.82 g, 0*02 mole) in dry methanol (60 mL) was added to 
a suspension of ethylenediaminetetraacetic acid dianhydride (2.56 g, 0.01 mole) in dry 
10 methanol (30 mL). The mixture was stirred at 50°C for 6 hours. The resultmg white solid 
precipitate was isolated by filtration and dried under vacuum at room temperature to yield 
3.43 g (64%) of EDTA-HA. m.p. ISe-lSS*' C. 

IR: 3320 cm ' for OH; 1670cm-* for -C(=0>. 
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B. Preparation of NJ<r*bis(hexadecylaiiua(Kaito 
bisCP-N^N-^imethylanunoethylaminoca^ 
(EDTA-HA-DMA). 




To a cooled (S^'C) solution of EDTA-HA from Step A (3.69 g, 0,005 mole), 
5 N^Kiimethyletiiylenediamine (0.88 & 0.01 mole) and CHCI3 (100 mL) was added 
diopwise a solution of 1 3-di^loheK}dcaiix>diimide (DCQ 0.227 0.01 1 mole) in 
CHCI3 (20 mL). A precipitate was observed and the reaction mixture was stirred at room 
temperature for about 24 houis. The reaction mixtuie was filtered and the filtrate was 
washed with O.S% acetic acid (100 mL) to decompose any excess DCC. Awhitemilky 
10 solution was fomied ^lich separated into two layers. The bottom organic layer was dried 
(Na2S04) and concentrated in vacuo to yield 3.81 g of EDTA-HA^DMA as a soft solid. 
IR: 3280 cm-1; 2900 cm'^ 1640 cm'^ 1530 cm ^ 

C Preparation of EDTA-HA*DMA diiodide. 

A solution of EDTA-HA-DMA fiom Step B {42 g, 4.77 mmoleX 
15 iodomethane (3.41 g, 24 mmole) and ethanol (30 mL) was refluxed for 2 hours. The 
ethanolic solution was concentrated in vacuo and the resulting residue was lyoph^ 
ovenught 3.98 gofthetitieconqx)und(EDTA-LA-DMAdiiodide) was obtained as a 
yellow solid. • 

BR: 3260 cm'; 1650 cm'. 
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Example 4 

This example is directed to the piqiaratidn of DPGS*PEG*Lys-Gki-Ala- 
Gly- Asp* Val which has the following foimula. 



o p 

CHz-CH-CHiC>-C--CH2CHr-C-NH O/O 

A. PreparadonofN*<l,2Hlipalmitoyl«sn-glycen}-3-succinyl>succin^ 
S (N-DPGS-succinimide). 

op, n 
H31C15-C-O O-C-Ci^ai O 

CH2-CH-CH2Q-C-CH2CH2--C-O-K 



To a cooled (0 to 5 solution of DCC (20,6 mg) and acetonitrile (10 mL) 
was added dropwisc a solution of 1 ,2-dipalmitoyl-sn-glycen)-3-succinate (Avanti Polar 
Lipids, Alabaster, AL) (66.8 mg), N-hydroxysuccinimide (11 .5 mg), 
dimethylaminopyridine (DMAP) (2 mg) and acetonitrile (40 niL). The reaction mixture 
10 was stined for S hours and the resulting solid was removed by filtration. The filtrate was 
concentrated in vacuo to provide 78 mg of N-DPGS-succinimide as a white product 

B. Preparation of 3-<dH»iboxy<polyethylenegtycoliminosuccm^ 
dipamitoyl-sn-glycerol (DPGS«<i>-caibo3Qr-PEG)« 

o p 

H31C15-C— O O— C-CifiH3i p 

CH2-CH-CH2Q-C-CH2CH2-C-NH^Oj^O^^ 




/n 



To a cooled (0 to 5**Q solution of Ci)-anuno-Ci>*-carboxy-polyethyleneglycol 
15 (Shearwater Polymers, Huntsville, AL) (03 g) and triethylamme (40 mg) m CHCI3 (20 
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niL) was added dtopmse a solution of N-DPGS-succinimide firom Step A (78 mg) in 
CHCl} (10 mL). The resulting solution was stined for about S hours at lO^'C and allowed 
to stand overnight The reaction mixture was poured into ice water and neutralized with 
10% HCl to a pH of less than 3. Theorganiclayerwasisolated, washed with water and 
5 dried (NdSO^). Filtration and concentration in vacuo pidvided 0.34 g of DPGS-co- 
carboxy-PEG as a white solid* 



10 was add^ a solution of DPGS-oxazboxy-PEG fiom Step B (200 mg), N- 

hydroxysuccinimide (6 mg) and dimetfaylaminopyridine (2 mg). The resulting reaction 
mixture was stined for S hours. The white solid which formed was removed fiom the 
leaction niixtuie by ffltration, and the filtnite was concentrated vacuo. 
DPGS-o>-carbo:7-PEG-succinimide was obtained as a white solid (200 mg). 

15 D. Preparation of DPGS-PEG-Lys-GtorAla-<jly-Asp-Vd conjugate. 

To a cooled (0 to 5°C) solution of the peptide Lys-Ghi-Ala-Gly-Asp-Val (5 
mg) in a buffer solution at pH 8.5 (10 mL) was added dropwise a solution of DPGS"0>- 
caiboxy-PEG^succinimide fiom Step C (40 mg) m acetonitrile (0.1 mL). The resulting 
reaction niixture was stined at room temperature for about 48 hours. The reaction mixture 

?0 was concentrated in vacuo and the mineral salt was dialyzed through a membrane havmg a 
molecular weight cutoff of about 1,000 and dried on a lyophilizer. The tide compound 
(DPGS-PEG-Lys-Ghi-Ala-Gly-Asp-Val) was obtained as a white solid (24 mg). 



C. Preparation of 3-succinamoyIoxyc£u1>9nyl«|)^ 
succinate-l,2Hlipalmitoyl-sn-glycen>l (DPGS-<aH^boxy-PEG*succmiinide). 




To a cooled (0 to S'^Q solution of DCC (12 mg) m acetoriitrile (10 mL) 
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Example S 

This exainple isf directed to the prepaid 
Glyr Asp-Val), \^*ich has the fpUowuig fonnula. 

p p 



Li y 



€H2CH2NHC-CHiO(CH2CHzO]fpH2GH20atCONH-Pept^ 
OH O 

where "PeptWe" is — Lys-QIrr-Ala-Giy-Asp-Val 

A. P]:epaiationof€a,(d'-Kiunethylenecaib0xy-polye&^^ 



5 anhydride. 



-C--CH20-CH2CH2{OCH2CH2)-(>CH2CH2-0^^ 
6 O 



To a cooled (0 to 5°C) solution of chlorosulfonyl isocyanate 
(142 mg) in CHClj (5 mL) was added a solution of ii),a>*-dimethylenecarboxy- 
polyethylene glycol (0.34 g) and triethylamine (20 mg) in CHCI3 (20 mL). The reaction 
mixture was stirred ovemi^t and poured into ice water. The organic layer was isolated 
10 and dried (NaS04). Filtration and concentration oftfae organic layer in vacua yielded the 
title anhydride compound as a white solid {02 g). 

B. Preparation of l^Khpahnitoyl-sn-glycerol-3-phosphoethanolaniine-N-^ 
carbon)imethylene-<o'-carboxy-polyethylene glycol (DPPEH«M:arboxy-PEG), 

O p 



1 1 t 

CHz-CH-CHz-O-P-OCh 



rCH-CH2-O-PH3CH2CH2NH|:-CH20[CH2GH2QlriCH2CH2QCH^ 
OH O 
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to a cooled (0 to 10°C) solution of the anhydride compound fiom Step A 
(0.3 g) in CH2CI2 (10 mL) was added a solution of DPPE (0.07 g) and triethjdamine (O.OS 
g) in CH2CI2 (I S mL). The resulting reaction mixture was stined ovemig^^ poured into 
ice water and neutralized with 10% HCl to a pH of less than 3. The organic layer was 
S isolated and dried (NaS04)« Hltration and concentration ofthe organic layerm vacuo 
provided 0.45 g of DPPE-co-caibo^gr-PEG as a dark white solid. 

C. Preparation of l|2<^pahnito^<^-^ycerol-3-phosphoethanolani^ 
caifoonylmethylene-polyetfaylene glycol-succimmide (DPPE-co-carixwqr-PEG- 
succinimide). 

O O 

H3iCir<i-9 C>-(5-CisH3i O 
il^-L-Clfe-0-^CttPH2NHC-^ 

OH o 



10 To a cooled (0 to 5 "C) solution of DCC (3 mg) in acetonitrile (2 mL) was 

added a solution of DPPE-co-cariwxy-PEG from Step B (60 mg), N-hydro^Qr- 
succinimide (L8 mg) and dimetfijdaminopyridine (02 mg) in acetonitrile (6 mL). The 
resulting nnxtuie was stirred for3 hours at 0 to 5°C and flien overnight at room 
temperatiffe. The solid which formed was removed by filtration and the filtrate was 

1 5 concentrated in vacuo to provide 60 mg of DPPEKOH;:arboxy-PEG-succmiinide. 

D. Preparation of DPPE-PEG-LysrGhi-Ala-<}ly-Asp-Valconjugat^^ 
To a cooled (0 to 5**C) solution of Lys-Ghi-Ala-Gly-Asp-Val (5 mg) in a 
buffo solution at pH 8.5 was added dropwise DPPE-o)-caiboxy-PEG-succimmide (40 mg) 
m acetonitrile (10 mL). The resultmg mixture was stirred at room temperature for about 
20 48 hours. The acetonitrile was removed in vacuo, and the mineral salt was dialyzed out 
tiirough a membrane having a molecular weight cutoff of 1000. Lyophilization afforded 
35 mg of die titie compound (DPPE-PEG-Lys-Gln-Ala-<jly-Asp-Val) as a white soUd. 
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EMmple 6 

To a solution of saline, propylene glycol and glycerol (8:1:1) were added 
bPPC, DPPE-PEQ5000 and DPPA in a molar ratio of 82:8:10. The resulting mixtine was 
heated to about 4S ''C and filtered (022 fun). The filtered mixture was placed in a vial and 
5 allowed to cool to room temperature. The vial was placed under vacuum to evacuate any 
gas, after which the vial was pressurized with PFP. Hie vial was then sealed, placed on a 
shaker and agitated at room temperature to provide a solution of PFP-filled v^icles having 
a mean diameter of about 2.5 |mi. 

E^^^mple? 

1 0 This example is direpted to the preparation of targeted vesicles within the 

scope of the present invention. 

GPnbma bindmg peptide ^tegrated Biomolecule Corporation, Tucson, 
AZ) was covalentiy bonded to DPPE-PEO 3400 utilizing the procedure described above in 
Example 5. This peptide conjugate was then combined with a dried lipid mixture of DPPC 

15 (82 mole %), DPPE-PEG50P0 (8 mole %) and DPPA (8 mole %), This mixture was 
hydrated and lyophilized on a Labconco Lyph*Lock 12 lyophilizer (Kansas City, MO). 
The lyophilized material was resuspended in 8:1 : 1 normal salmerpropylene glycohglycerol 
at a concentration of 1 mg^mL. Aliquots of this mixture were placed into 2 mL Wheaton 
vials (Millville, NJ), capped and flie hcadspace placed witii perfluorobutane gas (Flura, 

20 Newport, TN). The vials were agitated to provide a vesicle composition targeted to the 
GPIIbllla receptor. 

Examples 

This example includes a description of peptide blinding experiments 
utilizing the vesicle compositions prepared in Exan:q)les 6 and 7. 

25 Unheparinized human blood was placed in Vacutainer tubes (Becton 

Dickinson, Rutherford, NJ) and allowed to clot The clot was collected by centrifagation 
in a Beckman TJ-6 centrifuge (Palo Alto, CA), The clot was then placed on positively 
charged microscope slides (Fisher Scientific, Pittsburgh, PA). Nine slides were coated 
with clotted blood. Six uncoated slides were also used as control studies. Bindmg studies 

30 were then conducted by applying the vesicle compositions from Examples 6 and 7 (200 
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^L) to the aforemenidoaed slides as follows: (A) blood clot alone (control); (B) vesicle 
composition fiom Example 6 without blood clot; (C) vesicle composition from Example 6 
with blood clot; (D) vesicle composition fiom Example 7 without blood clot; and (E) 
vesicle composition fix>m Example 3 with blood clot. The slides were incubated for 20 
5 nunutes and then unbound material was washed off using phosphate buff^^ The 
slides were then observed usmg a Nikon Diaphot (Tokyo, Japan) microscope. The results 
are set forth in the following table. 



TABLE 3 

Binding Study Binding 

10 (A) no 

(B) no 

(G) no 

(D) no 

(E) yes 



IS As can be seen fiom the above table, binding was observed only with the vesicle 
composition prepared in Example 7 wiiich contains GPIIbllla targeting peptide. 

Example? 

This example is directed to the preparation of vesicles based on human 
serum albumin that bear targeting Ugands directed to the GPHblUa receptor. 

20 Into a vessel will be introduced a suq)exi^on of 5% human serum albumin. 

The suspension will be deaerated under continuous vacuum and a h^dspace of 
perfluoropropane gas will be introduced, as described in Published International 
Application WO 9S/2970S, the disclosures of which are hereby incoxporated by reference, 
in tiieir entucty. The resulting gas-filled albumin vesicles will be separated fiom any fi:ee 

25 albuniin by repeated washing witii normal saline. The gas-fiUed vesicles 

resuspended in a mixture of normal saline:propylene glycoI:glycerol (6:2:2, v:v:v) and the 
suspension will be mixed gentiy. To this suspension will be added 1% glutaraldehyde and 
1% by wei^t of tiie peptide Lys-Gln-Ala^ly-Asp-Val resulting in crosslinked 
perfluoropropane vesicles bearing GPIIbllla binding peptide. 
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Example 10 

This example is directed to the preparation of vesicles stabilized by 
pdlymerizable aciyloyl/styiyl lipid analogs binding targeting ligands directed to the 
GPnbma receptor. 

S 1 2-Hydioxydodecanoic acid will be esterified with metfaacryloyl chloride 

and the ester will be converted to the anhydride to provide 12*(methaciyloyl- 
oxy)dodecanoic anhydride. L-aIpha-Glycen>phosphocholine, derived fiom egg lecithin, 
will be acylated with the 12-(inefhaciyloyloxy)dodecanoic anhydride to afford bis[12- 
(methacryloyl)oxydodecanoyl]-L-alpha-phosphatidylcholine (1). Compound (1) will be 

1 0 hydrolyzed enzymatically with phospholipase A2, derived fix>m crude rattle snake venom 
(Crotalus adamanteus), followed by acylation with palmitoyl anhydride to provide l-[2- 
(methacryloyloxy)dadecanoyI]-2-palmitoyl-L-alpha-phosphatidylcholine (2). Similar 
methods will be employed to convert dipaimitoyl-L-alpha-phosphatidylcholihe into 1- * 
pahnitoyl-2-[12-{methacryloyloxy> 

1 5 dodecanoyl]-L-alpha-phosphatidylcholine (3), 

To a solution in normal saline of DPPE-PEG 5000 (1 .8 mg/mL) and 1 0% 
by weight DPPE-PEG-5000 labelled with GPHbllla binding peptide (Lys-Ghi-Ala-Gly- 
Asp-Val), which will be prepared usmg the procedure described above in Example 5, will 
be added compoimd (3) prepared above. An aliquot of this solution will be placed in a 

20 sterile 3 mL vial. The headspace of the vial will be evacuated and a mixture of nitrogen 
and perfluoroethane gas (20:80, v/v) will be filled into the headspace of the vial to ambient 
pressure. The vial will be shaken on an ESPE Capmix (Seefeld, Oberay Ciermany) at 
room tempaature for about 1 minute. The vesicle composition will be irradiated (254 nm) 
to provide polymerized gas-filled vesicles bearing GPUbllla binding peptide. The mean 

25 diameter of the vesicles will be about 3 ^nL 

Example 11 

This example is directed to the preparation of synthetic 
polybis(caiboxylatopheno3or)phosphazene) (PCPP) gas-filled vesicles targeted to the 
GPnbllla receptor. 

30 pCPP-PEG2000-Lys-Ghi-Ala-Gly-Asp-Val will be prepared utiliang the 

procedure described above in Example 5. PCPP vesicles will then be prepared as 
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described as in U.S. Patent No. 5,487390, the disclosures of which are hereby 
incorporated by reference herein, in their entirety. The PCPP vesicles (100 mg) will be 
added to 1 mL of a NajCOj solution (30 mg^mL) and will be dissolved by stirring 
overnight at room temperature. Tlie solution will be diluted with phosphate-buffered 

S saline (pH 7.4) to provide a final polymer concentration of 2.5% (w/v) and a solution pH 
of 7.4. The pH will be adjusted, as needed, with IN HCl 

A solution of PCPP (2.5% w/v) containing 0.2% Tween 20 will be mixed 
with perfluoropropane gas in a colloid mill to produce a gassed PCPP solution that is 
stable for several hours. Ten mole % of the PCPP utilized in the solution will be PCPP- 

10 PEG2000-Lys<jln-Ala-Gty«Asp-Val. The gassed solution will be extruded from a syrmge 
pump at 150 fiL/min into an air-atomising device und^ an atmosphere of 
perfluoropropane gas and sprayed into a pan containing 250 mL of a 7.5% CaCIj solution 
containing 0.5% Tween 20. Upon contact with the CaClj solution, PCPP will be 
crossliidced by the divalent calcium ions to produce a relatively homogeneous population 

15 of spherical gel vesicles, targeted to the GPIIbllla and filled with perfluoropropane. The 
presence of entrapped perfluoropropane will be demonstrated by observation of the 
vesicles using an inverted microscope* 

Example 12 

This example is directed to the preparation of a vesicles targeted to the 

20 GPnbina receptor formulated form a fluorinated lipid. 

The amino group in a-amino, o)-caiboxy-PEG3400 (Shearwater Polymer, 
Huntsville, AL) will be protected by dissolving one equivalent of tiie a-amino, o-carboxy- 
PEG3400 in a solution of watendioxane (1:1, v:v). To this stirring solution will be added 
one molar equivalent each of t-Boc-anhydride (Bachem, Gardcna, CA) and triethylamine 

25 (Aldrich Chemical, Milwaukee, WI). The resulting solution will be stirred overnight and 
concentrated in vacuo to remove the volatile dioxane. To concentrated material will be 
added ten volume equiyalents, relative to water, of ethyl acetate and the resulting mixture 
will be cooled with an ice bath. The pH of the mixture will be adjusted to pH 2 with 
aqueous 2N sulfuric acid, and the lower aqueous layer will be removed using a separatoiy 

30 fimnel. The ethyl acetate layer will be washed with saturated brine, dried (MgS04), 
filtered, and concentrated in vacuo to afford a sytup. 
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The t-BOC-a-amino, o-carboxyl PEG3400, one molar equivalent of 
diisopropylcarbodumide (DIC) (Sigma Chemical Co., St Louis, MO) and diy DMF will 
be combined. The solution will be stirred and one equivalent each of 
diisopropylethylamine (DIEA) (Sigma Chemical Co., St Louis, MO), 
5 hydroxybenzotriazole (HOBT) and I,2«di-(lS,16,17,18-nonafluoro)stearoyl- 

phosphatidylethanolamine (fluoro-DSPE) will be added. The resulting solution will be 
sidrred for 2 hours and concentrated in vacuo. The fluoro-DSPE-t-BOC-a-amino, o 
amido PEG3400 will be suspended in a solution of tiifluoroacetic acid and CHjCli (4:6, 
v:v), followed by stirring an additional 20 minutes. The solution will then be neutralized 

10 with DIEA and concentrated m vacuo. The product will be lesuspended in CHjClj and 
aqueousHCl willbeaddedtoa pHof about2. The aqueous layer will be separated and 
the pH readjusted to pH 10 with 1 .0% NaOH. To the aqueous mbcture will be added ethyl 
acetate which will be s^arated, washed with saturated brine, and dried (MgSO^. 
Filtration and concentration in vacuo will provide the fluoro-DSPE a^unino, co-amido 

IS PEG3400 as a yellow oil 

The yellow oil obtained above, one equivalent of N-bromosuccinimide 
(MBS), (Sigma Chenucal, St Louis, MO) and DMF will be combined. The resulting 
mixture will be stined for 3 hours and concentrated in vacuo overnight The concentrated 
material will be suspended in phosphate-buflFered saline at a pH of 7. The peptide Arg- 

20 Gly-Asp-Ser (RODS), which is targeted to the GPIIbllla receptor, will be added to the 
suspension. After stirring overnight, the reaction mixture will be concentrated widi an 
Amicon filter concentrator (Amicon, Beverly, MA) to a volume of -300 raL. The 
concentrated solution will be purified by size exclusion chromatography to yield the 
fluoro-DSPE-a-amino, o)-amido PEG3400-Arg-Gly-Asp-Ser. This product will be added 

25 to a mixture of DPPC and DPPA to provide a ratio of DPPC:fluoro-DSPE:DPPA of 
40:54:6, w:w:w. This lipid mixture will be added to a diluent comprising nonnal 
saline:gIycerol:propylene glycol (8:1:1, v:v:v) to provide a final lipid concentration of 1 
mg/mL of diluent An aliquot of this solution will be introduced into a 2 mL vial 
(Wheaton Industries, Chicago, BL) and the headspace will be filled with perfluoropropane. 

30 The vial will be agitated on an ESPE Capmix (ESPE, Seefeld, Germany) at 43f00 rpm for 1 
minute to yield the fluorinated vesicle targeted to the GPUblUa receptor. 
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Example 13 

lliis example is directed to the preparation of N<l,2Ktip 
glycero-3-succinyl)-PEG-Protein A conjugate, vAdch has the following formula. 



Ci^31 



CH2-CH-CH2O-C-GH2CH2-C-NH 

o 



pCtbQONH-Protein A 



A. Pi<q>aratioDofN-DPGS-succinimide. 



10 



O O 
H3A5-C-O O-C-C1SH31 



CHz-CH-ChfeO-C-CHaCHrC-O-N 

6 r 



To a cooled (0 to 5*C) solution of l,2-dipalmitoyl-sn-glycero-3-succinate 
(66.8 mg), N-hydroxy-succinimide (1 1 .5 mgX DMAP (2 mg) and acetonitrilc (40 mL) in a 
100 mL round bottom flask was added dropwise a solution of DCC (20.6 mg) in 
acetonitrile(lOmL). The resulting mixture was stined for S hours. The solid material 
which formed during the reaction (dicyclohex}1urea) was removed by filtration and the 
filtrate was concentrated in vacuo to yield 78 mg of N-DPGS-succinimide as a white 
product. 



B. Preparation of 3-<i)H:arboxy-polyethjdeneglycol-iiiiino-su^ 
dipahnitbyl-sn-glycerol (DPGS-<i>-carboxy-PEG). 



O O 
HaiCis-ft-O 0-fc-(ii5^3l 



CH2-tH-CH^g-CH2CH2-C-NH^ 



\_y \^ v.^ 



OCKfeCOOH 



n 
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To a cooled (0 to 5 **C) solution of N-DPGS-succinimide fiom Step A (78 
mg) and CHCl, (10 mL) (Mallinckiodt, St Louis, Mo.) in a 100 mL round bottom flask 

added dropwise a solution of <i)-amino-(D'-caiboxy-poIyethyleneglycol (0.3 g) and 
triethylamine (40 mg) in CHCl^ (20 mL). The resulting mixture was stiired for 5 hours iat 
S 10**C. After stirring overnight, the reaction mixture was poui^ 

neutralized with 10%HCltoapHofabout3 orless« The lower organic layer was 
removed using a separatoiy fbnnel and washed three times with water. The organic layer 
was collected and dried (piaSO^), Filtration and concentration in vacuo yield 034 g of 
DPGS-oxarboxy-'PEG as a white solid. 

10 C. Preparation of 3-succinamoylH>37H:arbonyl-polyetfaylen^ycol-imino- 

succinate-l^-dipabnito)i*sn-glycen>l (DPGS-a>-carboxy-PEG-succinimide). 



O O 
H31C16-C-O O-C-C1SH31 o 



OCH2COOI 




CH2-CH-CH20-C-CH2CH2-C-NH^^ 



To a cooled (0 to 5 °C) solution of DPGS-<d-carboxy-PEG (200 mg) from 
Step B, N-hydroxysuccinimide (6 mg), DMAP (2 mg) and acetonitrile (40 mL) in a 250 
mL round bottom flask was added dropwise a solution of DCC (12 mg) in acetonitrile (10 
15 mL). The resulting mixture was stirred for 5 hours and the white solid v^ch formed 
(dicyclohexylurea) was removed by filtratiorL The filtrate was concentrated in vacuo to 
. afford 200 mg of DPGS-(a>-carfooxy*PEG-succinimide as a white solid. 

D. Preparation of DPGS-PEG-Protein A conjugate. 

To a cooled (5 to 10**C), stirred solution of Protein A (Sigma Chemical Co,, 
20 St. Louis, MO) (20 mg) m aqueous buflfer (20 mL) at a pH of 8.5 was added dropwise a 
solution of DPGS-<i)-cari)oxy-PEG-succinimidc fiom Step C (4 mg) and acetonitrile (10 
mL). The temperature of the resulting mixture was equilibrated to room temperature and 
the reaction mixhue was stirred for about 48 hours. The mixture was concentrated in 
vacuo and the residual salts were dialyzed away uang a dialysis bag having a molecular 
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weight cutoff of about 3500, equilibrated s^ainst water. The resulting dialyzed solution 
was frozen and lyophilized to yield 12 mg of the title material (DPGS-PEG-Protem A 
conjugate) as a white solid. 

Example 14 

S This example is directed to the preparation of DPPE-PEG-prdtein A 

conjugate/v^ch has the following foimula. 



OH & 



A. Preparation of Ci>,Q'Kiimethylenecazbo>gr-polyethylene 



-C-CH2-0-CH2CH2-<OCItGH2)r^^ - 
O O 



To a cooled (0 to 5 ''Q solxition of (i),(o'-dimethylenecarboxy- 
polyethyleneglycol (0.34 g) and CHCI3 (20 mL) m a 100 mL round bottom flask was 
10 added a solution of DCC (0,02 g) in CHCI3 (5 mL). This solution was stuted overnight, 
and the resulting white solid precipitate (dicyclohexylurea) was removed by filtration. 
The filtrate was concentrated in vacuo to provide 0.3 g of the anhydride as a white solid. 
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B. Preparation of l,2-Klipaliiutoyl-sn-glycerol-3-phosphoethanoIainiiie-N- 
carix>nyl-mediyleneKd'-«arbo}Qr-polye%l«iegiycol(DPPE-<idK:a^ 



O 

H31C1S-C-Q 



CH-CH2-O-P-OCH2CH2NHC-CH2O- ChfeCHzO- -CH2CH2OCH2COOH 
OH O 



To a cooled (0 to lO^'Q solution of the anhydride from Step A (0.3 g) and 
CH2CI2 (10 mL) in a 100 mL round bottom flask was added a solution of DPPE (0.07 g) 
5 and triethylamine (0.05 g) in CH2CI2 (1 5 mL). After stirring overnight, the reaction 
mixture was poured into ice water and acidified with 10% HCI to a pH of about 3 or less. 
The bottom organic layer was then separated using a 250 mL separatoiy funnel and dried 
(NaS04). Filtration and concentration of the CH2CI2 solution in vacuo yielded 0.45 g of 
DPPE-o>-carboxy-P£G as an off-white solid. 

10 C. Preparation of l^-dipalmitoyl-sn-glycerol-3-phosphoethylanune-N- 

carbonylmethylene-polyethyleneglycol-siiccinimide (DPPE-co-carboxy-PEG-succinmide). 



O 9 



J- 



CH-CH2-O-1^0ChbCH2NHC-Chb04C»tPH204^H^ J 
OH & 



To a cooled (0 to S^Q solution of DCC (3 mg) and acetonitriie (2 mL) was 
added a solution of DPPE-(o-carboxy-PEG &om Stq> B (6Q mg), N-hydroxy-succinunide 
(1.8 mg) and DMAP {02 mg) in acetonitriie (6 mL). After stirring for 3 hours at 0 to S^'C, 
IS the temperature ofthe reaction mixture was equilibrated to After 
stiiring overnight, the white solid precipitate which formed (dicycohexylurea) was 
removed by filtration, and the filtrate was concentrated in vacuo to yield 60 mg of DPPE- 
<i)-carboxy-PEG-succinimide. 
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D. Preparation ofDPPE-PEG-protein A conjugate. 

To a cooled (5 to 10*'C) solution of Protein A (20 mg) in 15 ml aqueous 
biififer (1 S-mL) at a pH of 8.5 was added diopwise DPPE-oH:aiboxy-PEG*succinimide 
fix>m Step C (4 mg) in acetonitrile (8 mL). The temperature of the reaction mixtuie was 
5 equiUbrated to room temperature and stining was continued for 48 hours. The mixture 
was concentrated in vacuo and the renuumng salts were dialyzed against water using a 
dialysis niembrane having a molecular weig^ cutoff of fd)ou^ The aqueous dialyzed 
sample was lyophilized to yield 15 mg of the title product (DPPE-PEG-protem A 
conju^te) as a white solid. 

10 iSxample IS 

This example is directed to the preparation and use of a targeted vesicle 
" composition for targeting epithelial cells. 

A. Preparation of vesicle composition. 

The DPGS-PEG-Protein A conjugate product fix^m Example 1 3 (1 % by 
15 weight) was combmed with a dried lipid mixture of DPPC (82 mole %), DPPA (10 mole 
%X and DPPE (8 mole %). This dry lipid mixture was hydrated and lyophilized on a 
Labconco (Kansas City, MO) Lyph-Lock 12 lyophilizer. The lyophilized mixture was 
resuspended in nomial salinerpropylene giycohglycerol (8:1:1) at a lipid concentration of 
1 mg/mL. The mixture was aliquoted into 2 mL Wheaton vials (Millville, NJ). The vials 
20 were c^ped and the headspace in the vials was replaced with perfluorobutane gas (Flura, 
Newport, TN). The vials were then shakien for one minute on an Espe Capmix® (Seefeld, 
Germany) to provide gas-filled vesicles. Rabbit anti-keratm antibody (Caibiochem, San 
Diego, C A) ( 1 00 fiL) was added to a sample of the vials and these vials were inverted to 
mix the antibody with the gas filled vesicles. The vials were incubated at room 
25 temperature for about I hour. A bicinchoninic acid protein assay (Pierce, Rockford, DL) 
was performed on the vesicle compositions both before and after washing with PBS. This 
assay showed that the anti-keratin antibody was bound to the vesicles via Protein A and 
remained bound during washing. 
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B. Targeting experiments with the vesicle QompositioiL 
HeLa cells (an epithelial cervical cancer cell line v^ch express keratin) 
were plated in flat sided tissue culture tubes (Nunc, Roskilde, Deiunark) in EMEM media 
(Cellgro, Washington, DC). The cells were grown overnight and aliquots of vesicle 
5 compositions were added to each tube. The vesicle compositions employed were: (i) 
vesicles firom Example 6; (ii) vesicles prepared in Stq> A which contained no rabbit anti- 
keratin antibody; and Qii) vesicles prepared in Step A which contained rabbit anti-keratin 
antibody. Only the vesicles in (iii), which included the antibody, bmded to the HeLa cells. 

Example 16 

10 A pegylated lipid will be prepared fiom distearoylphosphatidyl- 

ethanolamine (DSPE), (Avanti Polar Lipids, Alabaster, AL) and a-amino, (iM:arboxy- 
PEG3400 (Shearwater Polymer, Huntsville, AL). The ammo group will be protected by 
combining in watendioxane (1:1, a-amino (o-amido PEG and one molar equivalent 
each of t-Boc-anhydride (Bachem, Gardena, CA) and triethylamine (Aldrich Chemical, 

1 S Milwaukee, WI). The resulting solution will be stuied ovemi^t and the dioxane will be 
removed in vacuo. To the aqueous residue will be added ten volume equivalents, relative 
to water, of ethyl acetate (Mallincrodt, St Louis, MO), and this mixture will be cooled in 
an ice bath. The pH will be adjusted to pH 2 with aqueous sulfuric acid (2 N) and the 
aqueous layer will be separated using a separatory funnel. The ethyl acetate layer will be 

20 washed vdth brine, dried (MgS04) and concentrated in vacuo to yield a syrup. 

The yellow oil, DSPE-t-Boc-a-amino, <i)-amido-PEG3400, one molar 
equivalent of diisopropylcarbodiimide (DIC) (Sigma Chemical Co., St Louis, MO) and 
dry dimethylformamide (DMF) will be combined. The solution will be stored and one 
molar equivalent each of diisoprop)1ethylamine (DIEA), (Sigma Chemical Co., St Louis, 

25 MO) and hydroxylbenzotriazole (HOBT) will be added. The solution will be stirred for 
two hours and concentrated in vacuo. The concentrated residue DSPE-t-BOC-a-amino, 
G>-aniido-PEG3400 will be combined with trifluoroacetic acid and methylene chloride 
(4:6, v:v) and the resulting mixture will be stirred an additional 20 minutes. The solution 
will be neutralized with DIEA and concentrated in vacuo. This residue will be 

30 resuspended in methylene chloride and aqueous hydrochloric acid will be added until a pH 
of 2 is obtained. The aqueous layer wll be separated and the pH will be adjusted with 
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1 .0% NaOH to a pH of 10, To this aqueous mixture will be iadded ethyl acetate which will 
be separated, washed with saturated brine, and dried (MgSOO. 'nie ethyl acetate solution 
will be concentrated in vacuo to yield a yellow oil. 

To a solution of the yellow oil, DSPE-a-amino, a>.amido-PEG3400 in 
3 DMF will be added one equivalent of N^bromosuccinimide (NBS), (Sigma Chemical, SL 
Louis, MO). After stiiring for 3 hours, die reaction nuxture will be concentrated overnight 
in vacuo. To a suspension of the resulting concentrated residue in a phosphate-buffered 
saline (PBS) at a pH of about 7 will be added anti-caicinoembryonic antigen (anti-CEA) 
which is a monoclonal antibody of mouse/human chimeric origm. After stirring overnight, 
10 the solution vail be concentrated with an Amicon filter concentrator (Amicon, Beverly, 
MA) to a volume of -300 mL. Hie concentrated solution will be purified by size exclusion 
chromatography to yield the final product 

Example 17 

A vesicle formulation wiU be prepared by repeating Example 6, except that 
1 S about 1 nanomole of recombinant human growth hormone will be added to the lipid 
composition, prior to vesicle formation. 

Example 18 

Example 1 7 will be repeated except that the DPPA is replaced with the 
cationic lipid dipalmitoyiphosphocholine (Avanti) and the DPPC is replaced with the 

20 neutral lipid DPPE. This will provide cationic vesicles to vMch bioactive agents, 
especially genetic material, such as the gene for vascular endothelial growth factor 
(VEGF), can be bound The incorporation ofa targeting ligand, such as an antimyocardial 
antibody lipid conjugate, will provide targeted vesicles which can be directed to the 
infarcted and/or ischemic tissue. A burst of hig^ energy ultrasound, for example, 1 MHz 

25 continuous wave 200 mW, can be applied with varying pulse duration to promote the 

rupture of the vesicles. As a result, the VEOF can be substantially delivered directly to the 
infarcted and/or ischemic tissue. 
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Example 19 

This example is directed to ttie preparation of a vesicle composition 
targeted for neuroendocrine tumors of the pancreas. 

Example 16 will be repeated except that Somatostatin peptide will be 
S employed instead of anti*CEA* A then^utic anti-cancer agent, Streptozocin, vnll also be 
incorporated in the vesicle conqx>sition. The resulting vesicle composition will be 
injected mtravenously into a patient who has been diagnosed with a neuroendocrine tumor, 
the vesicles will be preferentially absorbed in the re^on of the pancreas proximate the 
tumor, thereby resulting in the enhanced delivery of die anti-cancer agent to the tumor. 

10 Example 20 

Example 1 S was repeated except that, in addition to HeLa cells, the targeted 
vesicles were also added to an epithelial cell line comprising mouse normal liver cells. 
Only the vesicles containing the antibodies were bound to the liver cells. 

Example 21 

IS This example is directed to the preparation and use of a vesicle composition 

targeted for myocardial cells (cardiomyocites). 

A. Preparation of targeted vesicles. 

Example 1 5 was reputed except that rabbit anti-keratin antibody was 
replaced with rabbit anti-human skeletal myosin antibody (Biomakor™, Kiiyat 
20 Weizmann, Rehovot, Israel) (100 ^L). 

B. Targeting of myocardial cells. 

Rat heart myoblasts (American Type Culture Collection, Rockville, MD) 
were plated in flat sided tissue culture tubes (Nunc, Roskilde, Denmaric) in EMEM media 
(Cellgro, Washmgton, £>C). The cells were grown overnight and aliquots of vesicle 
25 compositions were added to each tube. The vesicle compositions employed were: (i) 
vesicles fiom Example 6; (ii) vesicles prepared in Step A above which contained no rabbit 
anti-myosin antibody; and (iii) vesicles prepared m Step A above which contained rabbit 



wo 96/40285 PCT/US96/09938 

-137- 

and-myosin antibody. Only the vesicles in (iii^ vdiich included the antibody, binded to 
the myoblast cells. 

Example 22 

This example is directed to the prepaxation and use of a vesicle composition 
5 tai^eted for myocardial cells (caidiomyocites). 

A, Preparation of targeted vesicles. 

Example 1 5 was repeated except that rabbit anti-keratm antibody was 
replaced with rabbit anti-myosin (skeletal) antibody (Accurate Chemical, Westbury, NY) 
(100 jiL), 

10 . B. Targeting of myocardial cells. 

H9C2, a rat cardiac myocite line which expresses cardiac myosin, was 
employed. (Skeletal muscle myosin and cardiac muscle myosin are substantially similar.) 
The control cell line was INT407, which is a himian intestinal cell line. The cells were 
plated in flat sided tissue culture tubes (Nunc, Roskilde, Demr^ik) in EMEM media 

1 5 (Cellgro, Washington, DC). The cells were grown overnight and aliquots of vesicle 
compositions were added to each tube. The vesicle compositions employed were: (i) 
vesicles fix)m Example 6; (ii) vesicles prepared in Step A above \^ch contained no rabbit 
anti-myosin antibody, and (iii) vesicles prepared in Step A above which contained rabbit 
anti-myosin antibody. Three oqperimental cell types were employed: (a) INT407; (b) 

20 H9C2; and (c) H9C2 that was exposed to 10% glucose for 10 minutes to shock the cells 
and open pores to aUow binding oftheantunyosin to the cytoplasmic No binding 

was observed with vesicle compositions (i) or Qx) in any of cell types (a), (b) or (c). 
Vesicle imposition (iii) also did not bind to cell typo (a). Some bindmg of vesicle 
comp<^tion (iii) to cell type (b) was observed, \diereas substantial binding of vesicle 

25 composition (iii) to cell type (c) was observed 

Example 23 

Dipyridamole (see, e.g.. The Merck Index, lOfli Ed„ p. 489 (1983)) is a 
bioactive agent in the context of the present invention in tiiat it is a coronary vasodilator. 
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Dipyridamole is also a taigeting iigand within the context of the present invention since it 
can bind to one or more receptors in heart tissue, and can also be attached to phospholipids 
to provide membrane compatible derivadves. Specifically, N-succinyi-DPPE vdll bind 
with dipyridamole using dicyclohexylcarfoodiimide and a catalyst as a condensation agent 
5 tofonnN-dipyridamolylsuccinate-DPPE This lipid bound dipyridamole derivative will 
be employed in a lipid composition for the pzeparation of vesicles for targeting heart 
tissue. 

Example 24 

A balloon catheter ^11 be placed percutaneously via a femoral arterial 
10 access into the lift circumflex coronary artery of a laboratory animal. The balloon will be 
inflated for a period of three hours, preventing blood flow to the anterolateral myocardium 
and resulting in a myocardial in&rction. Echocardiography will be performed with a S ' 
MHz transducer and wiU reveal a pa:sistent wail motion abnormality, as well as 
myocardial thinning of the anterolateral wall of tiie left ventricle. Hie balloon will be 
1 S deflated and a dose of 30 |iL/Kg of anti-cardiomyosin antibody labeled vesicles similar to 
those prepared, for example, in Step A of Example 22, filled with dodecafluoropentane gas 
will be injected intravenously. Echocardiography will be performed thirty minutes after 
injection. Imaging will show an area of increased echogenicity in the anterolateral wall 
corresponding to the region of the infioct The periphery of the inferct (reperfiised region) 
20 appears brightest with less intensity centrally (region of persistent absence of flow). In 
comparison, the central ventricular cavity is relatively dark, with a majority of the vesicles 
having been cleared by this time. 

ExamnlelS 

A patient suffering from chest pains will be admitted to the emergency 
25 room of a hospital. An ultrasound study will be perform^ and will indicate a wall motion 
abnormality in the anterior wall of the left ventricle. The patient will be administered a 
dose of 5 \xUKg of anticardiomyosin antibody labeled vesicles similar to those prepared, 
for example, in Step A of Example 22, filled with perfluorobutane gas. Ten minutes after 
administration, ultrasound imaging vdll be repeated and will show an area of increased 
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echogeniqity in the left ventricle anterior wall. Tliis will confirm the diagnosis of 
myocardial infarction, and the patient will be treated with tissue plasminogen activator. 

Example 26 

A patient will undergo a stress echocardiogrsq>hy examination to diagnose 
S the presence or absence of coronary arteiy disease. During peak exercise, the patient will 
be administered S ^L/Kg of perfluoropropane filled vesicles labeled with dipyridamole as 
described in Example 23 above. The dipyridamole will be combined with the vesicles 
through the use of (a) a bifimctional linking group; (b) a small spanning molecule; (c) a 
Schiff s base with or without reductive amination; or (d) a maleimidyl linker. The vesicles 

10 will bind to peifused regions of myocardium. As the background vedcles clear, which 
takes about S minutes, the labeled vesicles wUl persist within the myocardium. Delayed 
imaging will show the ischemic myocardium afiected by coronary arteiy disease (CAD) as 
a hypointense region surrounded by bright, normally p^fiised myocardium. The absence 
of any appreciable background vesicles within the cardiac chambers eliminates the 

1 S problem with shadowing and fiicilitates making the diagnosis of CAD. 

Example 27 

This example demonstrates the targeted expression of a protein using a 
vesicle composition and methods within the scope of the present invention- 
Three Sprague-Dawley rats, identified herein as rats (A), (B) and (C), were 

20 anesthetized with Ketamine acepromazine. pSVp-gal, a plasmid containing tiie P- 

galactosidase gene with the SV40 promoter and enhancer genes, was combined with the 
cationic lipid compound prepared in Example 2. The plasmid and cationic lipid compound 
mixture was mcubated for 1 5 minutes at room temperature. cGMP and ttie resulting 
incubated material was tiien added to a blend of DPPC, DPPA and DPPE-PEG5000 at a 

25 respective mole % ratio of 82: 1 0:8 in normal saline:glycerol:propylene glycol (8:1:1). 
Vesicles were prepared by shaking tiie resulting mixture on a WIG-L-BUG™ for one 
minute at 3200 ipm. The resulting vesicle composition was injected into rats (A), (B) and 
(C). The dosages were as follows. 
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Rat Dose pSVpgal (ug^ Dose Cationic lipid lug) 

(A) 5 30 

(B) 5 30 

(C) 25 150 



5 During injectioQ of the vesicle composition. Rats (B) and (C) were exposed to ultrasound 
energy fiom a therapeutic ultrasouixl machine (1.0 Mhz, Rich-Mar model 25, Rich-Mar 
Coiporation, Inola, OK). The ultrasound was directed towards the inside of the left hind 
leg during the injection and for one minute post flush. Rat (A) did not receive any 
ultrasound treatment After 48 hours, the rats were euthanizsed by asphyxiation with COj. 

10 The left and right leg muscle and sidn were remove fiom each rat The hearts, livers and 
kidneys were also removed. The excised tissues were fixed for 72 hours in 2% formalin. 
After fixing, the presence of P-galactosidase activity was assayed by soaking the tissue in 
a solution containing X-gal, potassium ferrocyanide and potassium ferricyanide. The 
tissues were stained, inspected and photographed. Expression wais seen broadly dispersed 

1 5 throughout the leg tissues, particularly in the endothelial cells, muscle and skin, in rat (A). 
Inspection of the excised tissues fix>m rat (B) showed expression in similar cell types but 
only at the site of ultrasotmd sqiplication. Rat (C) showed a point expression in the target 
leg and dispersed expression in the leg not targeted. 

Example 28 

20 This GKoaiple is directed to the prqiaradon of various lipid compositions. 

DPPC, DPPA and DPPE-PEG5000 were blended at a respective mole ratio 
of 82:10:8. This lipid mixture is referred to herein as Composition (A). A portion of 
Composition (A) was mixed witii the cationic lipid compound prepared m Example 2 at a 
1 0: 1 (w/w) ratio in distilled deionized water. This latter mixture is referred to herein as 

25 Composition (B). Compositions (A) and (B) were introduced into 1 ml serum vials. The 
vials were evacuated with a Sargent Welch vacuum pump (Skokie, IL) and the headspaces 
were replaced witii perfluoropropane gas (Flura Chemical Corp, Newport, TN). The vials 
were agitated witii a Crescent Dental WIG-L-BUG™ 3 1 1 OB (Lyons, IL) mechanical 
shaker. After shaking, heparin (Elkin Sinns Inc., Cherry Hill, NJ) was added to a portion 

30 of the vials at an approximate molar ratio of lipid to heparin of 5:1. The mixture of 
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heparin and Composition (A) are refeired to herein as Composition (C). The mixture of 
heparin and Composition (B) are refened to herein as Composition (D). 

Recombinant human basic fibroblast growth factor (BFGF) (Sigma, St. 
Louis, MO) was tiien added to Compositions (A), (B), (Q and (D), which arc respectively 
S refened to herein as Con^)ositions(E),(F),(G) and The BFGF was added to the 
compositions vMch contained heparin (Compositions (C) and (D)) at a molar ratio of S: 1 
(BFGF:heparih). At least three samples fiom each of Composition (A) to (H) werc sized 
using an Accusizer 770 (Particle Sizmg Systems, Santa Barbara, CA)* Sizing showed no 
difference in the sizes of vesicles in Compositions (A) to (G). However, the vesicles in 
10 Composition (H), which contained cationic lipid, heparin and BFQF, had a smaller mean 
size. 

Compositions (E) to (H) were then analyzed using a native polyacrylamide 
gel (protein gel PAGE mix, Boehringer Mannheim, Indianapolis, IN) to identify binding 
properties of heparin and BFGF. The gel was run on a Hoefer SE40G slab gel apparatus 

1 5 (Hoefer Scientific, San Francisco, C A), The gel was run at a constant current uising an 
electrophoresis power supply (MBP300, IBI, Rochester, NY). The gel was then stained 
using a rapid Coomassie blue (Eastman Kodak, Rochester, NY) staining method and 
analyzed visually. Gel electrophoresis confirmed that in Composition (H), the presence of 
the cationic lipid enhances binding of heparin as well as the BFGF. It is contemplated that 

20 the heparin, which is anionic, binds to the cationic lipid, and that the BFGF, which is 
cationic, binds to the heparin. BFGF in compositions which contain no heparin and 
cationic lipid migrates during electrophoresis. 

Example 2y 

Example 16 will be repeated, except that vascular endothelial growth factor 
25 (VEGF) the will be employed instead of anti-CEA antigen. 

Example 30 

DPPC, DPPA and DPPE-PEG5000 will be combined in a mole percent 
ratio of 82:10:8 in salme:propylene glycohglycerol (8:1:1, w/w/w). The total 
concentration of lipids m the solution will be 1 mg^mL. Recombinant human growth 
30 hormone will be added to this mixture at a concentration of 10% by weight, relative to tiie 
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total weight of lipids. An aliquot (1 .5 mL) of this mixture will be placed in a 3 mL 
volume glass vial and the headspace of the vial will be exchanged with perfluoropiopane 
gas. The vial will be sealed and shaken, resulting in gas filled vesicles which bind human 
growth honiK>ne and which wiU be usefid for targeting endothelial cells. The mean 
S diameter of the vesicles will be about 3 |im. 

Example 31 

Distean>yiphosphatid]iglycerol (DSPG) and DPPE-PEG SOOO will be 
combined in sterile water at a molar ratio of 92:8. The concentration of lipid will be about 
1 mg^mL. Chitosan will be derivatizcd widi 1 0 mole percent by weight of basic fibroblast 

1 0 growth factor (bFGF) using amide bonds to attach die amine groups of the chitosan to 
carboxyl moieties of tiie bFGF. The derivatized chitosan will be added to the lipid 
suspension in an amount to provide a substantially equivalent concentration of cationic ' 
groups in the chitosan and anionic groups in the DSPG. An aliquot of diis mixture (1 .5 
mL) will be placed into a 3 mL vial and the headspace will be replaced with 

15 perfluorobutane. The vial will be sealed and shaken on an ESPE Capmix (Seefeld, 
Germany) to provide gas«filled vesicles useful for targeting endothelial cells. 

Example 32 

A pegylated lipid will be prepared from DSPE and a, uh 
bis(carboxymethyl)-PEG2000 (Shearwater Polymers, Huntsville, AL) to provide MeOjC- 

20 PEG-DSPE, This lipid will be purified by colunm chromatogrs^hy (silica gel) to provide 
the free acid (HOjC-PEG-DSPE), after which VEGF will be linked to the free carboxyl 
group. DPPC, DSPA DSPE-PEG and DSPE-PEG-VEGF will be combined, at a molar 
ratio of 82:10:6:2, in saline:glycerolT}ropylene glycol (8:1:1, w/w/w), at a total lipid 
concentration of 1.5 mg^ml. An aliquot of this mixture (1.5 mL) will be placed into a 

25 sterile 3 mL vial and die headspace of the vial will be replaced with perfluoropentme gas 
at 30*C and the vial will be sealed. The vial will be shaken at 30**C for about 90 seconds 
at 3,200 rpm on an ESPE Capmfac (Seefeld, Germany) resulting in perfluoropentane gas 
filled targeted vesicles. 
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Example 33 

DSPC, cholesterol and DPPA will be combined, at a mole percent ratio of 
65:27:8, in a solution of saline:propyleTO glycoi:glycerol (8:1:1 w/w/w). The total lipid 
concentration will be 5 mg/mL An aliquot of this mbcture (1 .5 mL) will be placed in a 
S sterile vial and the headspacev^ be replaced with perfluorobutane gas. The vial will be 
sealed and shaken for about S minutes on an ESPE Ciqmiix (Seefeld, Germany) to provide 
a vesicle composition within the scope of the present mvention. A Watanabi rabbit which 
had been fed a high cholesterol diet, will be administered i.v. a dose of 0.10 mL/Kg of the 
vesicle composition. Ultrasound imaging will be performed about 25 minutes after 
10 administration and will show tfiat the veddes accumulated m regions of eiidothelial cells 
affected by atherosclerotic plaque. This will illustrate that the vesicle compositions of the 
present invention are useful in detecting atherosclerotic re^ons of endodielial cells. 

Example 34 

Example 33 will be repeated except that among the lipids used will be 
15 cholesterolamine linked covalently via an amide linkage to DPPE-PEG-caiboxylate. The 
lipid mixture will then comprise DPPC, DPPE-PEG5000, DPPE-PEG-cholesterolamine 
and DPPA which will be combined at a mole percent ratio pf 82:7: 1 : 10. 

Example 35 

Example 33 will be repeated except that the lipid concentration will be 
20 increased to about 5 mg/voL and the suspending medium will comprise a solution of 
normal saline, trehalose (10 mg^mL) and pluronic F-68 (10 mg/mL). This suspension of 
lipids wiU be microeinulsified using a Microfluidizer (Microfluidics, Newton, MA) at 
16,000 psi for a total often passes. The resulting vesicle composition will be lyophilized 
and the headspacc of the lyophilization chamber will be restored gradually to ambient 
25 pressure over a period of 72 hours by slowly instilling perfluorobutane gas. The resulting 
gas-fflled lyophilized vesicles wiU be stored as a dry powder until 

Fxample36 

Example 35 will be repeated except that the lipid concentration will be 
incre£^ed to about 25 mg^mL, and the suspending medium will comprise a solution of 
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nonnal saline, sorbitol (20 mg/cnL) and pluronic F-68 (20 mg/mL). The lipid suspension 
will be cooled to 4''C and to this mixture will be added perfluoiopentane to provide a 
perfluoropentane concentration of 8 per mL of solution. This mixture will be passed 
through a microfluidizer maintaining the temperature at 4^C for 20 passes at 16,000 psi. 
5 This will provide a vesicle composition of perfluoropentane-fiUed vesicles. This 
coinposition will be injected i.v, into a patient and vdll form gas filled vesicles in vivo 
useful for targetii^ endothelial cells. Cias-filled ve^cles can also be obtained prior to i.v, 
injection by wanning the vesicle composition to above about 30°C and shaking, for 
example, on an ESPE Capmix (Seefeld, Germany) or other shaker or amalgamator device, 
10 or by withdrawing the plunger of a syringe which is filled mtb die composition of 
perfluoropentane-filled vesicles so as to decrease the pressure and convert the 
perfluoropentane liquid into perfluoropentane gas. 

Examples? • 

12-Hydroxydodecanoic acid will be esterified with methaqiyloyl chloride 

1 S and the ester will be converted to the anhydride to yield l2-(methaciyloyl- 

oxy)dodecanoic anhydride. L-alpha-^jiycerophosphochoiine derived fix)m egg lecithin 
will be acylated with the 12-(methacryloyIoxy)dodecanoic anhydride to yield bis(l2- 
(methaciyloyl)oxydodecanoyl]*L-alpha-phosphatidylcholine (1), Emgmatic hydrolysis of 
( 1 ) with phospholipase derived fiom crude rattle snake venom (Crotalus adamanteus), 

20 will be followed by acylation with pataiitoyl anhydride to yield 1 -[2- 

(methacryloyloxy)dodecanoyl]-2-pahnitoyl-L-alpha-phosphatidylcholme (2), 

The above (2) will be combined with normal saline at a lipid concentration 
of 3 mg/mL. To this mixture will be added DSPE-PEG-VEGF at a concentration of 0.30 
mg/ml. An aliquot of the mixture (1 .5 mL) will be placed in a sterile 3 mL vial. The 

25 headspace of the vial will be evacuated and replaced with perfluoropropane gas and the 
vial will be sealed and wrapped with light impenneable foil. The vial will be shaken for 
about 3 minutes on an ESPE Capmix (Seefeld, Germany) to provide gas-filled vesicles. 
The foil will be removed and the vesicle composition will be irradiated with light (254 
nm) to provide polymerized gas-filled vesicles bearing VEGF for targeting endothelial 

30 cells. 
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Example 38 

Example 37 will be repeated, except thiat lipid (2) \vdll be combined with 
DSPE-PEG (see Example 8). VEGF will be admixed with this lipid mixtux^ prior to 
shaking on the ESPE Ciqmlix (Seefeld, Gemuiny) rather than being covalently attached to 
S thb DSPE-PEG. After photopolymerization, die VEGF will be embedded duectly into the 
polymeric lipid membranes which coat the vesicles. 

Example 39 

This example is directed broadly to the preparation of albumin vesicles 
v^ch are internally crosslinked and which con^irise suifiices that are modified by the 
1 0 attachment of polyoxy(C,^) alk^ene chains as described in Published Ihteroational 

Application WO 9S/00126» the disclosures of vdiich are hereby incorporated hy reference, 
in their entirety. The termini of die ail^ene chain modifiers will contain a reactive group, 
unlike the termini of the alkylene chains in WO 95/00126, which are ether groups. The 
reactive groups will be included for binding an endothelial targeting ligand. 

15 Example 39A 

An aqueous solution of 5% human bovine serum albumin (5 mL) will be 
introduced into an ultrasonic reaction vessel at a speed of 500 mL/min. The mixture will 
be sonicated using a Sonifier B-30 (Branson, FRG) for about 15 minutes at an energy flux 
6f 1 00 Watt/cml The temperature will be maintained at 22 ^^C by refiigeration of the 

20 reaction vessel. If desired, a bioactive agent, such as a drug, may be included in this 
mixture. Crosslinkii^ will be initiated by adding to the albumin solution a solution of 
CH2CI2 (02 mL) saturated with glutaraldehyde. Tfie resulting solution will be stirred for 
about 1 hour. After washing with methanol, followed by acetone and finally with n- 
hexane, the crosslinked albumm vesicles will be obtained as a brown powder which will 

25 be dried under vacuum for about 24 hours. The size of the resulting vesicles wll be 
detemiined by a Nicomps laser light particle scattering system at approximately 200 nm. 



Example 39B 

Albumin vesicles having a larger diameter than the vesicles prepared in 
Example 39A will be prepared by replacmg the high intensity emulsifying process with a 4 
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bladed impeller and using hi^er concentrations of albumin, for example, fiom about 10 to 
about 25%. Crosslinking will be cairied out as described above in Example 39A. 

Example 39C 

This example is directed to the preparation of gas-fiUed albumin vesicles. 
5 Albumin vesicles will be prepared by placing 5 mL of S% albumin in a 

sterile >dal*and filling the headspace of the vial witfi perfluorobutane gas. The vials will be 
shaken for about S minutes at 3300 ipm on an ESPE Capmix (Seefeld, Gemiany). 
Crosslinking will be carried out as described above in Example 39A. 

Example 39D 

10 This example is directed to the preparation of gas*filled albumin vesicles. 

Albumin vesicles will be prepared by sonicating a vial containing a 5% ' 
solution of himian serum albimiin and a headspace of perfluoropropane gas. This 
sonication will involve immersing minimally the sonicator hom tip into the liquid 
interface for about 5 minutes at medium power setting (Heat Systems Probe, Fanningdale, 

15 NY). The albumin vesicles will be crosslinked as described above in Example 39A. 

Example 39E 

This example is directed to coupling heterobifunctional PEG to the albumin 
vesicles prepared above. 

The 0) caiboxy group of a-amino, <i)-carboxy-PEG5000 (Shearwater 

20 Polymers) will be protected with a suitable ester fimctionality, for example, a benzyl ester. 
The amino group of the PEG will be bonded covalently to the albumin vesicles to provide 
a 10:1 weight ratio of albumin to PEG by activatmg the appropriate amino acid moieties 
oh the protein, such as, for example, the aspartic acid or glutamic acid moiety, with 1,1- 
carbonjddiimidazole. After covalent bonding of the PEG to the albumin via an amide 

25 linkage, the benzyl ester grotq) will be removed, aFGF will be attached to the fiee 
caibox^ group by activating the carboxylate end of the PEG with 1,1- 
carbonjddimiidazole. This provides the endothelial targeting ligand bound to the albumin 
vesicles \ia die PEG linkers. 
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Altematively, coupling may be accomplished by activating Ac appropriate 
amino acids of aFGF, for example, aspartic acid or glutamic acid, with 
carbonyldiimidazole, followed by tiie addition of carboxyl group protected a*amino, O)- 
carboxy-PEG. The protected carboxyl group will be deprotected, and the unprotected 
5 carboxyl group will be activated witii carbonyldiimidazole. The activated aFGF-PEG will 
be combined and reacted with the albumin vesicles. 

Gas will be instilled into die vesicles by carefijl dehydration of die vesicles 
under vacuum and gradual restoration to ambient pressure using a gas, such as 
perfluorobutane. One or more surfectants, for example, pluronic F-68, may be added prior 
10 to the dehydration and gas instillation step. 



Byample40 

This example is directed to the preparation of gas filled clathrates. 
The (i> carboxy group in a-hydroxy, o>-carboxy-PEG2000 will be protected 
with a suitable ester functionality, for example, a benzyl ester. The protected compound 

15 will be reacted witfi oiie equivalent of POQj in EtjN and CHCI3 at 0-5°C to convert die 
hydroxy group to tfie phosphorous chloride ester. This compound will tiien be reacted 
witii excess NaHCOj to produce the corresponding sodium phosphate (PEG-P04Na2). 
This salt will be acidified with HCl. pH 3 ,0, to provide die corresponding acid (PEG- 
PO4H2). Tlus product will be dialyzedagwiist purified water using a me^ 

20 molecular weight ctitofF of about 100. 

After dialysdng, tfie above phosphoric acid product (2 g) will be combined 
with disodiumdihydrogw pyrophosphate (NajHjPiOt) (8 g^ This 
solution vnU be introdiK^d into a Buchi spray drying app The 
resulting particles will be baked at 1 20*C under vacuum for about 1 hour to provide 

25 hoUowPEG-coated pyrophosphate veacles. These vedclcs wiU be resu^ded in an 
aqueous medium and the benzyl protecting groxq) will be removed The deprotected 
cariwxyl group of the PEG wiu be activated with l.l-carbohyldiimidazole and the 
resulting compound wUl be coupled to a monoclonal antibody for ELAM for targetuig 
endothelial cells. To an aqueous medium containing the targeted vesicles wUl be added 

30 DDPG and pluronic F-68 to provide a concentration of 1 mg/mL and 5 mg/mU 
respectively. The aqueous medium containing tiu; vesicles wiU be heated to about 4 
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agitated ^ntly by hand and dried under vacuum using a rotary evaporator vAdie 
maintaining this temperature. The resulting dried material will be introduced into a 
suitable container and lyophilized. Perfluorobutane gas will be instilled gradually in the 
headspace of the container ova: a period of about 48 hours until ambient pressure is 
5 achieved. The resulting gas filled pyrophosphate clathrates will be stored as a lyophilized 
powder until use. 

Example 41 

A 0.25 M Ca*^ solution will be prepared by dissolving CaClj H2O (3,68 g) 
in distilled water (100 mL). The pH of this solution will be adjusted to pH 1 1 using 0.1 M 

10 NaOH. A 0.74 M solution of potassium dihydrogei^hosphate (KH2PO4) will be prepared 
by dissolving 0.75 g of the salt in distilled water (1 0 mL). To this solution will be added 
1,75 g of bifunctional PEG, a-phenylcarboxy ester, (*>-phosphoryl-PEG5,000. The pH will 
be adjusted again with 0, 1 M NaOH to pH 1 1 . The potassium dihydrogenphosphate/PEG 
phosphate solution will be added dropwise to a vigorously stirred solution of CaClj. the 

1 5 resulting precipitate will be sized by single particle optical sizing and by optical 

microscopy. The diameter of die particles will be in the range of about 1 to 2 fun. The 
particles will be filtered and resuspended in normal saline and the phenyl group will be 
removed fiom the carboxy groiq). The carboxy group will be activated with 1,1- 
carbonyldiimidazole and this will be reacted with a monoclonal antibody specific for 

20 ELAM The monoclonal antibody may be prepared by conventional techniques according 
to die methods of Kohler and Kfilstein, Nature 197S, 25d:495, the disclosures of v^ch 
are incorporated herein by ref^ence, m their entirety. The particles will be suspended in a 
solution of pluionic F^8 (20 mg/mL) and this suspension will be mtroduced into a 
suitable container and lyophilized. Tlie headspace of the container will be equilibrated 

25 gradually to ambient pressure with perfluoropropane gas to provide the hydroxyapatite gas 
clathrates. 

Example 42 

Jn vivo experiments in rats were conducted which demonstrate the hi^ 
effectiveness of the cationic lipid compounds of Example 3 to deliver, genetic material 
30 intracellulariy. The e3q)eriments demonstrate also the effectiveness of using ultrasound 
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energy for targeting specific tissue in vivo with vesicle compositionis containing genetic 
material. Plasnud pSVp-gal (Promega, Madison, WI), v4uch contains 
gene, and the cationic lipid compound prepared in Example 3 were combined by mixing. 
The resulting mixture was injected into each of three Sprague Dawley rats (rats (A), (B) 

S and (C)) via the tail vein. Rat (A) was not subjected to ultrasound. Ultrasonic enexgy was 
applied to the inside of the hind leg during injeption for each of rats (B) and (C). After 48 
hours, the rats were eudianized and the tissues were removed. The tissues were fixed for 
72 hours in 2% fomoalin, sliced thin and placed in an X-^ solution. After IGhoursat 
37 °C, the tissues were uispected. The tissue fiom rat (A) exiubited a blue color ^ch is 

10 indicative of general transfection. Hie tissue fi:om rats (B) and (C) exhibited blue color 
only at the site where ultrasound energy was applied. This indicates thati localization of 
gene expression can be achieved witii the compounds and methods of the present 
invention. 

Example 43 

1 5 Fresh human blood was applied to gauze strips (Tillotson Health Caie, 

Bedford, NH) and allowed to clot Tygon tubing was cast into a 1% agarose (Boehringer 
Mannheim Biochemical, Indiaiu^lis, Indiana) standoff pad. The strips bearing the blood 
clots were inserted into the Tygon tubing. Inline mixing elements (Cole-Paimer, Chicago, 
IL) were also inserted into the tubing to create a turbulent flow. Phosphate buffered saline 

20 (Boehringer Mannheim Biochemical) was pumped across the gauze strip using a 

MasterFlex peristaltic pump (Cole-Parmer). Ultrasound imaging was carried out using an 
Acoustic Imaging 5200 ultrasound machine with a 7.S MHz peripheral vascular transducer 
(Phoenix, AZ). The transducer was fixed to a ring stand and imaging was carried out from 
underneath the standoff pad. After the unbound clot was washed Gcom the strip, 1 mL each 

25 of a targeted vesicle composition which targets GPUbKIa and the vesicle composition 
fiom Example 6 (non-targeted) was injected into the PBS stream at a flow rate of 
approximately 2 mL/min. Tlie vesicles were allowed to bind at this speed for 2 minutes 
and then the flow rate was turned up to 6 mL/min to remove unbound vesicles. After 
washing at 6 mUmin, the targeted vesicles were bound to the gauze strip, while the non* 

30 targeted vesicles were washed away. Ultrasotmd una^ng revealed increased echogenicity 
m the clot with vesicles targeted to GPIIbllla. 
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Videododtometric analysis was peifonned ofiSine using a Macintosh 660 
AV computer (Apple Con^iutiqg, Cupertino, CA), The entire area of the clot was selected 
and the videodensitometty units were measured. The images were captured and analyzed 
usmg hnage 1*SS (National Institutes of Healthy Washington, DQ. This analysis mvolved 

5 collecting and superimpodng the pie-conltast baseline image with die post-contxast image, 
andsubtractmgthepreKxintrastiina^fiomthepost-contFBS^ Ihis collection, 
siq>eriniposition, and subtractioa were also conducted before and after washing to lemove 
unbound vesicles. The videodeosiliometric analyds was conducted udng both continuous 
and mtennittent ultrasound The data obtained in diis analysis b set forth m the following 

10 table, vdiereinhi^er numbers represent improved contrast 



TABLE 4 

Yideodensitametric Analysis of Targeted Vesicles- 
Illtrasdnnd Badcscatter Quantitation 



CONTINl 


UOVSmAGMG 




Targeted 

Vesicles 
(before wash) 


Non-Targeted 

Vesicles 
(btfore wash) 


Targeted Vesicles 
(<^ier wash) 


Non-Targeted 
Vesicles (after 
wash) 




28.46 


17.64 


46.01 


16.5 




18.44 


13.36 


39.48 


14.44 




14.44 


7.62- 


17.22 


7.58 




40.94 


16.97 


32.85 


12.95 




22.86 


6.81 


19.52 


8.08 


1 Mean 


25.57 


13.9 


33.89 


12.87 


i StDev 


11.82 


4,59 


1234 


3.81 












INTERM 


rTTENTIMAGiNG 




Targeted 
Vesides 
(before wash) 


Non-Targeted 

Veskba 
(before wash) 


Targeted Vesicles . 
(afier wash) 


Non-Targeted 
Veddes (after 
wash). 




16.6 


12.06 


17.83 


12.14 




15.47 


16.55 


2035 


13.7 




19.32 


16.13 


21.79 


1635 
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tABLE4 

Videodensitoioietric Anafysis of Targieted Vesicle 



— 


20.12 




22.41 


8.68 1 




1729 


13.7 


24.15 


13.41 j 


Mean 


17.88 


14.91 


20.6 


12.72 


1 StDev 


22 


2.48 


2.04 


32 



Inspectioa of the above table reveals increased badcscatter fiom the taigeted vesicles as 
cdiiq)aied to the non-taigeted vesicles. T-tests were conducted which demonstrated a 
5 significant increase in videodendty dgnals for the taigeted ve^cles as compared to the 
non-targeted vesicles in botiti continuous and intennittrat iroa^g p < 0,01 . 

Example 44 

This example is dire<^ed to the preparation of DPGS-NH-PEG-NH- 
maleimide, vdiich has the following formula. 



H31C15 

0=C 
I 

O 
l_ 



pisHai 
6=0 

6 /— ^ 

-J-GHz-O-C C-N--PEG-N-C-(CH2)2-N: 
O OH HO 




10 A. Piiepaiation of dipalmitoyl glycerol succinate^polyethylene^^ 

(DPGS-NH-PEG-NHj), 



H31C15 
0=6 



9i^i 
=0 



CHz-O-}/ Nf-N-PEG-NHa 
O OH 



Into a round bottom flask (100 niL) was added a solution of DPGS (98 mg, 
0.147 mmole, 1 eq.) in CHjCl]. Into a separate round bottom flask (100 mL) was added a 
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solution of HjN-PEG-NHj (PEG-diamine) (50 mg, 0,147 mmole. 1 eq.) in CHjClj. To the 
PEG-diaihine solution was added immediately a solution of DCC (31 mg» 0.15 mmole, 
1.02 eq.) in CHCI, (5 mL). The resulting mixture of DCC and PEG-diamine was added 
dropwise to the DPGS at about 0 to about S ""C. The resulting reaction mixture was 
5 equilibrated with stirriiig to room temperature. After stirring for 24 hours, distilled- 
deionized water (50 mL) was added to the reaction mixture and the resulting white 
precipitate (dicyclohexyiurea) was ranoved by filtiatioa The lower organic layer was 
isolated using a 250 mL separately funnel and dried (Na2S04). Hie dried organic solution 
was filtered and CHaCN (80 mL) was added to the filtrate. The remaining white 
1 0 precipitiate was removed by filtration and the filtrate was concentrated in vacuo to yield 
0.44 g of DPGS-NH-PEG-NH:, as a solid product 

IR: 1700 cm-*. 

TLC: RfO.65. 

B. Preparation of DPGS-PEG-NH-PEG-NH-nialeimide. 

i s Into a round bottom fibuk (100 mL) was added a solution of DPGS-NH- 

PEG-NH2 fiom Step A (0.44 & 043 znmole, 1 eq.) m CH2CI2 (10 mL). To this solution 
was added a solution of triethylamine (13 mg, 0.13 nunole, 1 eq.) in CH2CI2. To this 
mixture was added dropwise a solution of 34.6 mg N-maleoyl-P-alanine N- 
hydro^O^succimmide ester (34.6 mg) in CH2CI2 (10 mL). After stirring ovemight.at room 

20 temperature, deionized«distilled water (30 mL) was added to tiie reaction mixture and 
stirring was continued an additional 3 hours. The lower organic layer was isolated using a 
separatoiy funnel and dried (NraS04). The organic layer was filtered and the filtrate was 
concentrated in vacuo to afford 360 mg of the titie compound as a wax-like white solid. 
IR: 1740 cm^ 1670 cm'', 1 100 cm\ 

25 TLC: Rf 0.75. 

Example 45 

. This example is directed to the preparation of 1 ^-dipalmitoyl-sn-glycerol- 
3-phosphoethanolanune-N<aibonylethylenecaibonj1-immo-polyethylene- 
glycolethylaminocari}onylethylenemaleimide (DPPE-NH-PEG-NH-maleimide), which has 
30 the following fomiula. 
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H31C15 Ci^t 
0=0 



L 



1 



CHz-O-P-CHCHzPHzNHCCHiCH^NJ^^ J 



NHC(CKd2-\ j 



A. Piepaxationof l,2-dipaimtoyI-5n-giycerol-3-ph0sphoet^ 
caibonylethylenecsu1>on]dixniTO (DPPE-NH-PEG-NHj). 



H31C15 Ci^3i 

0=6 
6 



I L 



c=o 

I 

o 



-CH2-0-F^C>-CH2CH2NHCCH2GH2CNH O 

OH 6 6 ^-^^ 



n 



NH2 



To a cooled (0 to 5 ^'Q solution of DPPE succinate (79 mg) and <o,(i)*- 
diamihopolyethyleneglycol (340 mg) in CH2CI2 (20 mL) was added a solution of DCC (22 
5 mg)inCH2Cl2(10mL). Thereactionniixture wasstinedfor4hoursat0to S^'Candthen 
stiired overnight at room temperature. Water (10 mL) was added, and the reaction mixture 
was stirred for an additional hour. The lower organic layer was isolated and concentrated 
in vaci/c? using a rotaiy evaporator. The residue was redissolved in CH3CN and the 
precipitate was removed by filtration. Concentration of the organic solution in vacuo 
10 yielded 390 mg of DPPE-NH-PEG-NH-maleimide as a white solid. 



B. Preparation of DPPE-NH-PEG-NH-nialeimide. 

To a cooled (0 to solution of DPPE-NH-PEG-NHj fiom Step A (210 
mg) and trietfaylamine (20 mg) in CH2CI2 (20 mL) was added a solution of 
maieimidopropionic acid N-hydn>xysuccuumide ester (26 mg) in CHjCi} (10 mL). The 
1 S resulting mixture ^was stiired for 1 hour iat 0 to S and then sthred ovemi^ at rooim 
temperature. Water (10 mL) was added and the resulting mixture was acidified witii dilute 
HCU with stirring, to a pH of 3. The organic layer was isolated» washed with water (10 
mL) and dried (NaS04). Qjncentration to dryness i/ivociiousmg a rotary evapora^^ 
provided 210 mg of tiie title compound (DPPE-NH-PEG-NH-malcunide) as a white solid. 
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Example 46 

Fab' or F(ab% fiagments were bound to gas-filled vesicles via a lipid-PEG- 
maleimide lipid. The Fab' or FCab^ fiagments were prepared fiom anti-skeletal myosin 
(Sigma Chemical, St Louis, MO) using Fab' and/or FCab^ kits fiom Pierce (Rockfoni, 
5 IL). 

Fab' fiagments wexei»epared by digestiiig the antibody with papaii^ This 
cleaves both Fab' fiagments fiom the Fc region of the antibody. The Fc fiagments were 
then bound to a Protein A colmnn and the Fab* fi:agments\veie^^^ TheFab' 
fisgments we then lyophilized (Labconco Lyph-Lock 12, Kansas City, MO) and 
10 prepared for binding to the lipid-PEG-maleimide lipid 

FCabTj fiiagments were prepared in a similar manner as for the Fab' 
fiagments. However, the enzyme pepsin was used instead of papain* Pepsin cleaves 
&rCher in the Fc region, and the two Fab' fiagments remain connected. The F(ab')2 
firagments were then lyophilized 
IS The various fiagments wiU be resuspended at a concentrialion of 1 mg/mL 

m coupling buffer (150 mM NaCl, 10 mM MOPS, 0.1 mM EDTA. 50 \im DTPA, pH 6.5) 
(aU materials obtained fiom Sigma C^emicaU St Louis, MO). The lipid-PEG-maleimide 
lipid (0.2 to 10 mM) will then be added and the resulting mixture will be incubated for 16 
hours at 4*C. The resulting products will be analyzsed on a polyaaylamide electrophoresis 
20 gel to determine whether Ae Fab' and/or F(ab')2 fiagments became bound to the lipid. 
This can be determined by observing changes in molecular weigjit Targeted vesicles will 
then be prepared using 1 wt % of the Fab' and/or fiab^ bound lipids. 

Example 47 

This example is directed to the preparation of DPGS-NH-PEG-NH-PDP, 
25 which has the following fonnula. ' 



H31C16 C15H31 

0=6 6=0 _ 

6 0 '6 ^ 



wo 96/40285 -ISS- PCT/US96/09938 

Dipalmitoyl glycerol succinate-polyethylene^ycol-amine 
(DPGS-NH-PEG-NHj) was pcepaied utilizing the procedure in Example 44, step A. 
DPOS-NH-PEG-NHz (440 mg, 0.13 mmol) and triethylamine (13 mg, 0.13 mmol) were 
dissolved in CHjClj (10 mL)« To this solution was added a solution of 
5 3-(2-pyridyldithio)propionic acid N-hydroxysuccinunide ester (PD?) (3 1 mg) in CH2CI2 
(10 mL). After stirring overnight at room temperature, deionized water (30 mL) was 
added to the reaction niixture and stirring wais continued for an add^ The 
lower organic layer was isolated using a separatory fimnel and dried (JtidL^^O^. The 
organic layer was filtered and the filtrate was concentrated in vacuo to afford 360 mg of 
10 the title compound (DPGS-NH-PEG-NH-PDP) as a wax-like white solid 

This example is directed to the synthesis of DPPE-NH-PEG-NH-PDP^ 
which has the following formula 

0=C " 



1 ^ Dipamitoyl-sn-glycero W-phosphoethanolamine-N-carbonyiethylene- 
1 5 carbonyiiminopolyethylene glycol ethylamine (DPPE-NH-PEG-NHj) was prepared 
utilizing the procedure described in Exaxaple 45, Step A. This material (210 mg) and 
triethylamine (20 mg) were combined in CH2CI2 (20 mL). This solution was added to a 
solution of 3^2-pyridyldithio)pn)pionic acid N-hydroxysuccinimide ester (PDP) (3 1 mg) 
inCH2Cl2(10mL). Theresultingmixturewasstirredfor 1 houratOtoS'^Candthen 
20 stirred overnight at room temperature. Distilled water (10 mL) was added and the 
resulting mixture was acidified with dilute HC1» with stirring, to pH of 3. The organic 
layer was isolated, washed with water (1 0 mL) and dried Qiaz^O^). The organic layer was 
filtered and concentrated to dryness in vacuo using a rotary ev^rator to provide 210 mg 
of the title compound (DPPE-hfH-PEG-NH-PDP) as a white solid 
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Example 49 

niis example is directed to ttie piepaiation of a lipid-hydrophilic poiymer- 
pidteih conjugate vdtfain the scope of the present mvention, vdiich has the following 
fomiula. 

S lliecomix>undfom Example 48 wiU be lu)ked\\dth 

a sulfur atom of the -S-S- disulfide bond m DPPErNH-PEG-NH-PDP a sulfliydi}d group 



If L 

CHrCH-CHH>-J-OCH^5H2NHg-^^ 
whefBWfe— Protein A 

of a protein. The resulting compound may be utilized in fonning protein-bearing vesicles, 
siich as protein-beaiing liposomes. 

Example SO 

10 Tliis example is directed to the prq)aration of a lipid-hydrophilic polymer- 

protein conjugate within the scppe of the present invention, ^ch has the following 
formula. 



-PROTEIN A 



The compound fiom Exan^le 47 (DPGS-NH-PEG-NH-PDP) will be 
cbiq>led with maleimide-labeled Protein A to afford &e above compound 

IS iExample SI 

This exan:q>le is directed to the preparation of DPGS-NH-PEG-glucose, 
which has the following formula. 



SUBSTITUTE SHEET (RULE 26) 



wo 96/40285 



-157- 



PCTAJS9d/09938 



A. Preparation of NHj-PEG-Glucose, 

23t4,6-tetra-0-Beiizyl-a-D-glucopyranosyl bromide (0.6 g) was prepared 



according to the procedure of C.A.A. van Broeckel and J.H. van Boom, Tetrahedron, 41, 
4S4S (1985). Drying of the mixture was initiated by the use of activated molecular sieves 
S in DMF mixed with ca-trifluoroace^lammopolyethjdeneglycol (3,5 g), tiie latter being 
prepared fiom (i>-ammopolyefli)ieneglycol and triacetic acid anhydride, and 
diisopropyletfaylamine (DIEA) (1.2 mL). Hie resulting solution was stined for 4 days 
under nitrogen. The solution was diluted with CHCI3 (ISO mL) and washed with 10% 
NaHCb9 (SO mL) and water. The organic l^er was concentrated in vacuo^ and the 

1 0 resulting residue was treated widi sodium carbonate methanol-H20 solution at room 
temperature for 2 days. The solvent was removed m vacuo and the residue was extracted 
twice with CHCI3 (100 mL). Hie combined chloroform extracts were were concentrated 
in vacuo, and the resulting residue was dissolved in methanol and hydrogenated over W/q 
palladium on charcoal (0.4S g) at 4 atmospheres of pressure and room temperature. The 

15 catdyst was filtered offand the filtrate was concentrated in voct/o to provide 

NHj-PEG-Glucose (3 g) as a white solid. The product was purified on a silica gel column 
and eluted with an isocratic eluent of chloroform-methanol-water. 



20 of aeetbnitrile and water (50:50) were combined and added to a cooled (0-5 °C) solution of 
DPGS-succinimide fiom Example 13A (0.15 g) in acetonitrile (10 mL). The resulting 
mixture was stirred at room temperature for two days and the acetonitrile was evaporated. 
The resulting residue was diluted with water to 50 mL, dialyzed through a 500 MWCO 
membrane, and lyophilized to yield the title compound (DPGS-NH-PEG-Glucose) as a 

25 white solid. 



B. Preparation of DPGS-NH-PEG-Glucose. 




CH2OH 



6c^tCH2pcl^c^v)c^yrPH2Pc^feCH2NHCcltCH2COC^t-cH^ 




NHj-PEG-Glucose fiom Step A (1 g), triethylamine (0.5 g) and a solution 
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This example is directed to the preparation of DPGS-NH*PEG-NH- 
Mannose, which has the following formula. 



CH2OH 




o=c c=o 



o o 

NH~C-CH2NH-PEQ-NHC-CH2CH2C 



A. Pieparation of a-bn>mo-acet^aniino-D-mannose. 



CH2OH 




OH 

NH-C-ChbBr 



10 



D-Maimosamine hydrochloride (2.1 g), triethylamine (3 g) ^ DMF (50 
niL) were combined and added to a cooled (0-SoC) soluticm of a-bromoacetyl bromide (2 
g) in CH2CI2 with stirring. The resulting mixture was stirred at room temperature for 8 
hours, and then poured into ic^ water (SO roL). This aqueous mixture was stined f^ 
hour and then concentrated 4n vacuo to dryness. The resulting residue was recrystallized 
fix)m a mixture of water and etfaanol to afiford a*bn)mo-acetyiamino-D*mannpse as a vAdte 
solid (2. Ig). 
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B. Preparation of DPGS-NH-PEG-NH-Mannose. 
?V0H_ 

HO 



CH2OH Hji^tS PisH3i 

? 

0 

NH-C-CH2NH-PEG-NHC-CH2QH2p--0~CH2— CH-CH2 



a-Bromoacetylamino-D-mannose firom Step A (0.3 g), 
PPGS-NH-PEG-NHj Example 44A (4 g), sodium caibonate (0.2 g) and KI (20 mg) 
were combined in a mixture ofwater and etfaanol (1:1). The resulting mixture was heated 
S to 40 for 8 hours. The ethanol was evaporated on a rotary evaporator, and the aqueous 
residue was dialyzed through a 500 MWCO membrane and lyophilized to yield 4 g of the 
title compound (DPGS-NH-PEG-NH-Mannose) as a white solid. 



The following examples are directed to the preparation of targeted vesicles. 



Example S3 

10 Albumin vesicles (or albumin coated gas bubbles) were suspended in a 

buffer solution with a pH greater than 8. To this suspension was added 
3-(2-pyridyl)dithiopropionic acid N-hydroxy-succinimide ester (SPDP) in CH3CN at 0 to 
S^'C. The resulting mixture was incubated for 2 days at room temperature and dialyzed on 
a membrane of 500 MWCO to provide pyridyldithiopropionoyl bearing albumin vesicles. 

15 Maleuniddphenyibutyrate conjugated antibody (MPB-AB) was then t^^ 

sur&ce modified albumin vesicles to obtain antibody linked to albumin vesicles. 

$:xample54 

Polyglutamic acid vesicles (or polyglutamic acid coated-gas bubbles) were 
suspended in water* To this suspension was added ethyl-HN-dimethylaminopropylcarbo- 
20 diimide hydrochloride (EDQ in water at .0 to 5 **C. The resulting mixture was gently 
stirred for 4 hours and then a peptide solution Cm a buffer of pH of 8 to 9.5) was added. 
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Hiis mixture was incubated for 2 da)^ at room temperature and dialyzed on a membrane 
of 500 MWCO to afford peptide coi^ugated polygiutamic acid vesicles. 

t;xainpleg5 

Example S3 was repeated, except that vesicles foimulated from a 
S copolymer of methyl cyanomethacrylate (2-cyano-2*propeQoic acid, methyl ester) and (o* 
amifio-tetiaethyleneglycolyl metbaciylate were substituted for the albumin vesicles. 

Exainple 56 

This example is directed to the preparation of a lipid-polymer*peptide 
conjugate and targeted vesicles tberefiom. 

10 Into a round bottom flask was introduced 1 equivalent of a-amino, o 

carboxyPEG-4000 having a tert-butyloxycarbonyl(t-Boc) protecting group. This was 
activated by the addition of carbonyldiimidazole (GDI) (I eq.) and hydroxybenzotriazole 
(I eq.) In N-methylpyrrolidone, To this solution was added the pqptide Lys-GIn-Ala-Gly- 
Asp-Val deprotected on the amino terminus. The resulting solution was stirred and 

1 5 periodically checked for free amino groups by analysis with methylene blue or ninhydrin. 
When there was no further evidence of the free amino terminus, deprotection of the entire 
mixture was carried out via the addition of trifluoroacetic acid in methylene chloride. Free 
amme from the PEG was then isolated by standard methods. Into a separate flask was 
introduced a solution of DPPE (1 eq) in DMF and carbonyldiimidazole (I eq). Stirring 

20 was continued for one hour over molecular sieves (4 angstroms). To this mixture was then 
added the PEG-peptide ligand mbcture followed by continued stirring. The mixture was 
then dried in vacuo and added to a DEAE Sepharose size exclusion column, thereby 
isolating the DPP&PEG-peptide conjugate. Gas filled vesicles were then ptcpax^d from 
the DPPE-PEG-peptide utiliang standard methodology. 
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ExiiipiplegT 

This example is directed to prepaiation of DPGS-PEG-qrcIic peptide, 
which has tlie following fonnula. 



NH2* O 




HN^^^^s^NH-PEG-NHJpCHzCK^Chb-CH-CHz 

H31C15 Cit^bi 

•CH3SCV 



CycUc[iD-2-aminobutyiyl-N-2-met^ 
S (aminomehtylbenzoic Bcid)] piepared using standard peptide synthetic methodology. 
To a solution of 66 mg of this cyclic peptide in in water (20 mL) was added ethyl-N,N- 
dimethylaminopropylcaiiKHliiniide hydrochloride (EDC) in water (10 mL) at 0 to S^'C. 
The resulting mixture was istirred for 4 hours at 0 to S^'Q followed by 8 hours at room 
temperature. To this solution was added DPGS-NH-PEG-NH2 from Example 44A (400 
10 mg) in CH3CN (10 mL) at 0 to 5T. After stirring overnight at room temperature, the 
reaction mixture was concentrated m vacuo and the aqueous residue was dialyzed through 
a 1000 MWCO membrane. Lyophilizing provided the above compound (410 mg) as a 
white solid 

Exmnpjegg 

1 S This example is directed to the preparation of vesicles targeted with a 

cyclic peptide. 

To a solution of cyclic[D-2-aminobutyryl-N-2-methyl-L-arginyl-glycyl-L- 
asparty-3-(aminomehtylbenzoic acid)] (66 mg) in in water (20 mL) was added ethyl-N 
dimethylaminopropylcarbodiimide hydrochloride (EDC) in water (10 mL) at 0 to 5'G. 
20 The resulting mixture was stirred for 4 hours at 0 to S'C^ followed by 8 hours at room 

temperature. The reaction mixture was then added to a suspension of albunun vesicles at 0 
to ST. The resulting mixture was incubated for two days at room temperature, filtered 
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and dialyzed using a membrane having a MWCO of 1000 to provide albumin vesicles 
targeted with a porphyrin targeting ligand. 

ExiamDleS9 

Example 58 was repeated, except that vesicles formulated fiom a 
5 copolymer of methyl cyanomethacrylate (2<yano-2-propenoic acid, methyl ester) and co^ 
amino-tetraethylenegiycolyi methacrylate were substituted for the albumin ve^cles. 

The disclosures of each patent, patent i^lication and publication cited or 
described in this document are hereby incorporated herein by reference, in their entirety. 

Various modification of the invention, in addition to those described herein, 
10 will be apparent to those skilled in the art fiom the foregoing desoiption. Such 
modifications are also intended to fidl within the scope of tfie appended claims. 
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CLAIMS 

What is claimed is: 

1 . A contrast agent for diagnostic imaging comprising a lipid, protein 
or polymer and a gas, in combination with a targeting ligand, wherein said targeting ligand 

S targets ceUs or receptors selected fix)m the groiq) consistmg of myocarcUal cells, 
endothelial cells, epithelial cells, tumor cells and the glycoprotem GPHbllla receptor. 

2. A contrast agent according to Claim 1 >^ch comprises a lipid. 

3 . A contrast agent according to Claim 2 wherein said lipid comprises 
a phospholipid. 

Id 4. A contrast agent according to Claim 3 wherein said phospholipid is 

selected from the group consisting of phosphatidylcholine, phosphatidylethanolamine and 
phosphatidic acid. 

5. A contrast agent according to Claim 4 wherein said 
phosphatidylcholine is selected from the group consisting of dioleo}iphosphatidylcholine, 

1 5 dimyristoylphosphatidyl-choline, dipalmitoylphosphatidylcholine and 
distearoylphosphatidylchoiine. 

6. A contrast agent according to Claim 5 wherein said 
phosphatictylcholine comprises dipahnitojdphosphatidylcholine. 

7. A contra^ agent according to Claim 6 wherein said 
20 phosphatidylethanolamine is selected fiom the group consisting of 

dipahnitoylphosphatidyletfaanolamme, dioleoylphosphatidylethanolamine,N- 
succinyldioleojdphosphatidyletfaanolamine and l^exadecyl-2- 
pahnitoylglycerophosphoetfaanolamme. 
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8. A contrast agent accordmg to Claim 7 v^erein said 
phosphatidyiethanoiamine comprises dipalmitoyiphosphatidyietiianolamine. 

9. A contrast agent according to Claim 4 wheiein said phosphatidic 
acid con^rises dipalmitoylphosphatidic acid. 

S 10. A contrast agent according to Claim 2 vdieiein said Upidfurttier 

comprises a polymer. 

11. A contrast agent according to Claim 10 wherein said polymer 
comprises a hydrophilic polymer. 

12. A contrast agent according to Claim 1 1 herein said polymer 
10 comprises polyietfaylene glycol. 

1 3 . A contrast agent according to Claim 1 ^ch comprises a protein. 

14. A contrast agent according to Claim 1 3 whisrein said protein 
conq>rises albmniiL 

15. A contrast agent according to Claim 1 wiiich co^^)rises a polymer. 

15 1 6. A contrast agent according to Claim 1 5 vlierein said polymer 

comprises synthetic polymers or copolymers v/bich axe prepared ftom monomers selected 
fcom the group consisting of acrylic acid, mcthacrylic acid, etiiyleneimine, crotonic acid, 
acrylainide, ethyl acrylate, methyl methacrylate, 2-hydroxyetfiyl methacrylate, lactic acid, 
glycolic acid, e-caprolactone, acrolein, cyanoaciylate, bisphenol A, cpichlorfiydrin, 

20 hydroxyalkylacrylates, siloxane, dimethylsiloxane, ethylene oxide, propylene oxide, 
ethylene glycol, hydroxyalkybnethacrylates, N-substituted acrylamides, N-substituted 
methacrylamides, N-vinyl-2-pyrrolidoae, 2,4-pentadiene-l-ol, vinyl acetate, acrylonitrile, 
styrene, p-amino-styrcne, p-aminobenzylstyrene, sodimn styrene sulfonate, sodium 2- 
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sulfoxyethyl-methaciylate, ^dnyi pyridine, amiiioethyl methaciylates and 2- 
methaciyloyloxytriniethyl-animonium chloride. 

17. A contRUita^taccoiding to Claim IS wherein said polym 
comprises synthetic polymers or copolymers selected fiom the grotq) consisting of 
5 polyacrylic acid, polyeth)4eneimine, polymetiiaci^c acid, polymethylmethaciylate, 
polysiloxane, polydimethylsiloxane, pol}iactic add, poly(€-cqprolactone), epoxy resin, 
poly(ethylene oxide), poly(prop}4ene oxide), poly(eth^ene glycol), polyamide, 
poly>dnylidene-polyacrylonitrile, polyvinylidene-polyactyionitrile- 
polymethyhnethacxylate and polystyrene-polyaciylonitrile, 

10 18. A contrast agent according to Claim 17 wherein said polymer 

cocnprises polyvinylidene-polyacrylonitrile co{X>lymer. 

19. A contrast agent according to Claim 1 \4ierein said gas comprises a 
fluorinated gas. 

20. A contrast agent according to Claim 19 wherein said fluorinated gas 
1 5 is selected from the group consisting of a perfluorocarbon, sulfur hexafluoride and 

heptafluoropropane. 

21. A contrast agent according to Claim 20 wherein said fluorinated gas 
comprises a perfluorocarbon. 

22. A contrast agent according to Claim 2 1 wherein said 
20 perfluorocarbon gas is selected from the group consisting of perfluoromethane, 

perfluoroethane, perfluoropropane, pofluorobutane and perfluorocyclobutane. 

23. A contrast agent accordmg to Claim 1 wherein said gas is derived, 
at least in part, fiom a gaseous precursor. 
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24. A contrast agent accoiding to Claim 23 v^liODein said gaseous 
precursor has a boiling point of greater than about ST^C. 

25. A contrast agent accordii^ to Claun 23 viierein said gaseous 
precursor comprises a fluorinated compound 

5 26. A contrast agent accordmg to Claim 25 wherein said fluorinated 

comi)ound comprises a perfluorocaibon. 

27. A contrast agent according to Claim 25 wherein said 
perfiuorocarbon is selected fiom tte groiq> consistmg of perfluoropentane and 
perfluorohexane. 

10 28. A contrast agent according to Claim 1 wherein said targeting ligand 

is selected fiom the group consisting of proteins, peptides, saccharides, steroids, steroid 
analogs, bioactive agents and genetic material. 

29. A contrast agent according to Claim 27 wherein said targeting 
ligaiid is selected from the group consisting of proteins, peptides and saccharides. 

IS 30. A contrast agent according to Claim 29 wherein said targeting 

ligand is selected from the group consisting of proteins and peptides. 

31. A contrast agent according to Claim 1 which comprises vesicles. 

32. A contrast agent according to Claim 3 1 wherein said vesicles are 
selected firom the group consisting of micelles and liposomes. 

20 33 . A targeted composition comprising a lipid, protein or polymer and a 

gas, in combination with a targeting ligand, \^erein said targeting ligand targets cells or 
receptors selected from the group consisting of myocardial cells, endothelial cells, 
epithelial cells, tumor cells and the glycoprotein GPHbllla receptor. 
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34. A targeted composition according to Claim 33 vAdch targets regions 
of arteriosclerosis. 



35. A targeted composition according to Claim 34 vdierein said 
ttfterioscleiosis con^irises atherosclerotic plaque. 

S 36. A targeted composition acconiing to Claim 33 vdiich targets 

in£ircted myocardium. 

37. A targeted composition according to Claim 33 vdiich targets cancer 

cells. 

38. A targeted composition according to Claim 33 ^ch comprises a 
1 b targeted lipid composition. 

39. A targeted lipid composition according to Claim 38 wherein said 
lipid comprises a phospholipid. 

40. A targeted lipid composition according to Claim 39 wherein said 
phospholipid is selected firom the group consisting of phosphatidylcholine, 

1 S phosphatidyiethanolamine and phosphatidic acid. 

41 . A targeted lipid composition according to Claim 40 wherein said 
phosphatidylcholine is selected fiom the group consisting of dioleoylphosphatidylcholine, 
dimyristoylphosphatidjdcholine, dipalmitoylphosphati(fylcholine and 
distearoylphosphati(fylcholine. 

20 42. A targeted lipid composition accoiding to Claim 41 wherein said 

phosphatidylcholine comprises dipalmitoylphosphatid^choline. 



43. A targeted lipid composition according to Claim 40 wherein said 
phosphatidyiethanolamine is selected from the group consisting of 
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dipalnutoylphosphaddyl-ethaiiolamine, dioleoylphosphatidylethanolamine, N- 
succinyldioleoy^hosphatidylethaiiolaaune and l-hexadecyl-2- 
pdmitoylglycerophosphoethanolamine. 

44. A taigetedUpid composition accoiding to Claixn 43^4x0^ 
5 phosphatidylethanolamine comprises dipalmitoyiphosphatidylethanolamine. 

r' 

45. A targeted lipid composition according to Claim 40 wherein said 
phosphatidic acid comprises dipalmitoj^hospfaatidic acid. 

46. A targeted lipid composition according to Claim 38 wherein said 
lipid further conqnises a polymer. 

10 47. A targeted lipid composition according to Claim 46 vdierein said 

polymer comprises a hydrophilic polymer. 

48. A targeted lipid composition accordir^ to Claim 47 A^erein said 
hydrophilic polymer comprises polyethylene glycol. 

49. A targeted composition according to Claim 33 ^^ch comprises a 
1 5 targeted protein composition. 

50. A targeted protein composition according to Claim 49 wherein said 
protein comprises albumin. 

51. A targeted composition according to Claim 33 which comprises a 
targeted polymer composition. 

20 52. A targeted polymer con:q)Osition according to Claim 5 1 ^^crein 

said polymer comprises synthetic polymers or copolymers which are prepared from 
monomers selected from the group consisting of acrylic acid, methactylic acid, 
etiiylencimine, crotonic acid, acrylamide, etiiyl acrylate, methyl methacrylate, 2- 
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hydroxyethyl methaciylate, lactic acid, giycolic acid, €-caprolactone, acrolein, 
cyanioaciylate, bisphenol A, epichlorhydrin, hydroxyalkyiaciylates, siloxane, 
dimethylsiloxane, propylene oxide, ethylene oxide, ethylene glycol, 
hydroxyalkyhnethaciylates, N-substituted acxylamides, N-substituted methacxylamides, N* 
5 vinyl-2-pyitolidone, 2,4-pentadiene-l-ol, vinyl acetate, aciylonitrile, styrene, p-amino- 
styiene, p-ammobenzylstyrene, sodium styrene sulfonate, sodium 2-suifoxyethyl- 
metfaacrylate, vinyl pyridine, aminoediyi metfaaaylates and 2^ethaczyloyloxytrimethyl- 
ammonium chloride. 

53 • A targeted polymer composition according to Claim 5 1 wherein 
.10 said polymer comprises synthetic polymers or copolymers selected ftom the group 
consisting of polyaciylic acid, polyethyleneimine, polymethacrylic acid, 
polymethylmethacrylate, polysiloxane, polydimethylsiloxane, polylactic acid, poly(e- 
caprolactone), epoxy resin, poly(ethylene oxide), poly(prop>iene oxide), poly(ethylene 
glycol), polyamide, polyvinylidene-polyacrylonitrile, polyvinylidene-polyaciylonitrile- 
1 S polymethylmethaciylate and polystyrene-polyacxylonitrile. 

54. A targeted polymer composition according to Claim 53 herein 
said polymer comprises polyvinylidene-polyactylonitrile copolymer. 

55. A targeted composition according to Claim 33 wherein said gas 
comprises a fluorinated gas. 

20 56. A targeted composition according to Claim 55 >^erein said 

fluorinated gas is selected fiom the group consisting of a perfluorocaibon, sulfor 
hexafluoride and heptafluoropropane. 

57. A targeted composition according to Claim 56 vdierein said 
fluorinated gas comprises a perfluorocarix>n. 

J 
'J 
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58. A targeted compositioQ according to Claim 57 wherein said 
perfiuorocaibon gas is selected fiom the groiip consisting of perfluoromethane, 
perfluoroethane, perfluoropropane, perfluoiobutane and perfluoiocyclobutane. 

59. A targeted composition according to Claun 33 wherein said 

5 targeting ligand is selected fiom tiie group consisting of proteins, peptides, ^iccharides, 
steroids, steroid analogs, bioactive agents and genetic material. 

60. A targeted composition according to Claim 59 wherein said 
targeting ligand is selected fiom the group consisting of proteins, peptides and 
saccharides. 

10 6 1 . A targeted composition according to Claim 60 wherein said 

targeting ligand is selected fit)m the group consisting of proteins and peptides! 

62. A targeted composition according to Claim 33 wherein said 
targeting ligand is associated with said lipid, protein or polymer covalently or non* 
cdvalently. 

15 63. A targeted composition according to Claim 62 wherein said 

targeting ligand is associated with said lipid, protein or polymer covalently. 

64. A targeted composition according to Claim 63 wherein said 
cdvalent association comprises a covalent bond selected fiom the grotq) consisting of 
amide, thioamide, ether, ester, thioester, -O, -S-, -S^-, where n is greater than I, 

20 caAanmte, -hni-,-NR-, where R is alkyl of fiom 1 to about 4 carbons, urethan^ 
substituted imidate bondis. 

65. A targeted composition accorcfing to Claim 63 v^erein said 
covalent association fiirther comprises crosslinldng. 
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66. A targeted composition according to Claim 63 ^^erein said 
targeting ligand is covalently associated with said lipid, protein or polymer via a linking 
group. 

67. A targeted composition according to Claim 66 wherein said linking 
S group coniprises a hydrophilic polymer. 

68. A targeted comi)osition according to Claim 67 wherein said 
hydrophilic polymer is selected fiom the groiq> consisting of polyalkyleneoxides, 
polyvinyl alcohol, polyvinylpyrrolidones, polyacrylamides, polymethacrylamides^ 
polyphosphazenes, poly(hydroxyalkylcatboxylic acids) and polyoxazolidines. 

1 0 69. A targeted composition according to Claim 68 wherein said 

hydrophilic polymer comprises a polyalkyleneoxide. 

70. A targeted composition according to Claim 69 wherein said 
polyalkyleneoxide is selected fiom the group consisting of polyethylene glycol and 
polypropylene glycol. 

15 71 . A targeted composition according to Claim 70 wherein said 

polyalkyleneoxide comprises polyethylene glycol. 

72. A targeted composition according to Claim 33 which comprises 

vesicles. 

73. A targeted composition according to Claun 72 wherein said vesicles 
20 comprise lipid vesicles. 

74. A targeted composition according to Claim 73 wfaerem said lipid 
vesicles are selected fiom the group consisting of micelles and liposomes. 
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75. A veside composition comprising/m an aqueoiisca^ 
comprising Upids, polymers or proteins and a gas, in combination witii a targeting ligand, 
wherein said tatgeting ligand targets cells or receptors selected fiom die group consisting 
of myocardial cells, endothelial cells, epitiielial cells, tumor cells and tiie glycoprotem 

5 GPHblHa receptor, 

76. A vesicle composition according to Claim 75 wherom said vesicles 
comprise lipid vesicles. 

77. A vesicle composition according to Claim 76 v^erein said lipid 
vei^cles axe selected fiom the group consisting of micelles and liposomes. 

10 78. A vesicle composition according to Claim 76 wherein said lipid 

• fiuth^ comprises a polymer. 

79. A vesicle composition according to Claim 78 wherein said polymer 
comprises a hydrophilic polymer. 

80. A vesicle composition according to Claim 79 wherein said 
1 5 hydrophilic polymer comprises polyethylene glycol. 

81. A vesicle composition according to Claim 75 wherein said vesicles 
comprise protein vesicles. 

82. A vesicle composition according to Claim 75 wherein said vesicles 
comprise polymer vesicles. 

20 83. A vesicle composition according to Qaim 75 further comprising a 

gaseous precursor. 

84. A vesicle composition according to Claim 83 wherem said gaseous 
precursor has a boiling point of greater than about 37^C. 
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85 A vesicle composition according to Claim 83 wiiexein said gaseous 
precuisor comprises a fluorinated compound 

86. A vesicle composition according to Claim 85 wherein said 
fluoimated:conqx>und comprises a peifluorocarix>n. 

5 87. A vesicle composition according to Claim 86 vdierein said 

perfluorocatbon is selected fiom the group consisting of peifluoropentane and 
perfluorohexane. 

88. A vesicle composition according to Claim 75 further comprising a 
bioactive agent 

1 0 ' 89. A targeted vesicle composition comprising vesicles which comprise 

a fluorinated gas, in combination with a targeting ligand, wherein said targeting ligand 
targets tissues or receptors. 

90. A targeted vesicle composition according to Claim 89 wherein said 
tissues are selected from the group consisting of myocardial tissue, membranous tissue, 
1 5 laimina, interstitial tissue and tumors. 

9L A targeted vesicle composition accordmg to Claim 90 wherein said 
membranous tissue is selected bom the groi^ consisting of endothelium and epithelium. 

92. A targeted vesicle composition according to Claim 89 wherein said 
receptors comprise the glycoprotein GPIIblQa receptor. 

20 93. A targeted vesicle composition according to Claim 89 herein said 

targeting ligand is selected from the groiq) consisting of proteins, peptides, saccharides, 
steroids, steroid analogs, bioactive agents and genetic material* 
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94. A targeted vesicle cdmix>sition according to Claim 
taigeting ligand is selected from the group consisting of proteins, peptides and 
saccharides. 

95. A targeted vesicle compdsition according to Claim 89 vvfaeiein 
S fluorinated gas is selected fix>m the group consisting of a perfluorocarbon^sulto 

hexafluoride and heptafluoropropane. 

96. A tar^ted vesicle composition according to Claim 95 i^erein said 
fluorinated gas comprises a perfluorocarbon. 

97. A targeted vesicle composition according to Claim 96 wherein said 
1 0 perfluorocarbon gas is selected from the group consisting of perfluoromethane, 

perfluoroethane, perfluoropropane, perfluorobutane and perfluorocyclobutane. 

98. A targeted vesicle composition according to Claim 89 wherein said 
gas is derived, at least in part, from a gaseous precursor. 

99. A targeted vesicle composition according to Claim 98 wherein said 
1 5 gaseotis pirecursor has a boiling point of greater than about 37 ""C. 

1 00. A targeted vesicle composition according to Claim 98 whereiil said 
gaseous precursor comprises a fluorinated compound. 

101 . A targeted vesicle composition according to Claim 100 wherein said 
fluorinated compound comprises a perfluorocarboiL 



20 102. A targeted vesicle composition according to Claim 101 wherdn said 

perfluorocarbon is selected from the group consisting of perfluoropentane and 
perfluorohexane. 
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1 03. A fomiiilation for therapeutic or diagnostic use conq)rising, in 
combination with a bioactive agent, a lipid, protein or polym^ and a gas, in combination 
with a targetbg iigand, v4ierein said taigeting ligand targets cells or receptors selected 
fix)m the group consisting of myocardial cells, endothelial ceils, epithelial cells, tumor 

5 cells, and the glycoprotein GPnbma receptor. 

104. A fonnulation accoiding to Claun 103 which comprises vesicles. 

105. A fonnulation according to Claun 104 wherein said vesicles 
comprise lipid vesicles. 

106. A formulation according to Claim 105 wherein said vesicles are 
1 0 selected fiom the group consisting of micelles and liposomes. 

1 07. A fonnulation according to Claim 1 03 wherein said gas is derived, 
at least in part, from a gaseous precursor. 

108. A process for the preparation of a targeted composition comprising 
combining together a lipid, protein or polymer, a gas and a targeting ligand, wherein said 

1 5 targeting ligand targets cells or receptors selected from the groiq) consistiiig of myocardial 
cells, endothelial cells, epithelial cells, tumor cells and the glycoprotein OPHbllla 
receptor. 

1 09. A process according to Claim 1 08 comprising combining together 
said lipid, protein or polymer and said taigeting ligand covalently or non-covalently. 

20 1 1 0. A process accoiding to Claim 1 09 comprising combining together 

said lipid, protein or polym^ and said taigeting ligand covalently. 

111. A process according to Claim 1 08 wherein said lipid, protein or 
polymer and said taigeting ligand are combined together via a covalent bond v^ch is 
selected fiom the group consisting of amide, thioamide, ether, ester, thioester, -O*, -S-, - 
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S„-. where n is greater than 1, carbamate. -NH-, -NR., where R is aikyl of jBcom 1 to about 
4 carbons, urethane, and substituted imidate bonds. 

1 12. A process according to Claim 108 wherein said Upid, protein or 
polymer and said targeting ligand are combined together via covalent crosslinldng. 

S 1 1 3. A process according to Claim 108 wherein said targeting ligand is 

covalently associated with said lipid, protein or polymer via a Imking group. 

114. A process according to Claim 1 13 wherein said linking group 
comprises a hydrophilic polymer. 

115. A process accordmg to Claim 1 14 wherein said hydrophilic polymer 
10 comprises polyethylene glycol. 

116. A process for the preparation of a formulation for diagnostic or 
therapeutic use comprising combining together a bioactive agent and a composition vMch 
comprises a lipid, protein or polymer and a gas, in combination with a targeting ligand, 
wlierein said targeting ligand targets cells or receptors selected from the group consisting 

1 S of myocardial cells, endothelial cells, epithelial cells, tumor cells and the glycoprotein 
GPHbllla receptor. 

117. A process according to Claim 116 wherein said formulatioii 
comprises vesicles. 

118. A process according to Claim 1 17 wherein said vesicles comprise 

20 lipid vesicles. 

119. A process according to Claim 118 ^ereui said lipids are selected 
fiorn the group consisting of liposomes and micelles. 
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1 20. A taigetied composition which is prepared by combining together a 
lipid, protein or polymer, a gas and a targeting ligand, herein said targeting iigand targets 
cells or receptors selected fiom the group consisting of myocardial cells, endothelial cells, 
epithelial ceUs, tumor cells and the glycoprotein GPIIbllla receptor. 

S 121. A targeted composition according to Cltum 120 which comprises 

vesicles. 

122. A targeted composition according to Claim 121 viiierein said 
vesicles comprise lipid vesicles. 

123. A targeted composition according to Claim 122 wherein said 
1 0 vesicles are selected fiom the group consisting of liposomes and micelles. 

1 24. A targeted composition according to Claim 1 20 which targets 
regions of arteriosclerosis. 

125. A targeted composition according to Claim 124 vdierein said 
arteriosclerosis comprises atherosclerotic plaque. 

15 126. A targeted composition according to Claim 120 which targets 

tnfaxcted myocardium. 

127. A taigeted formulation for diagnostic or therapeutic use prepared by 
combining together a bioactive agent and a composition which comprises a lipid, protein 
or polymer and a gas, in combination with a targeting ligand, vdierein said targeting ligand 

20 targets cells or receptors selected fiom the group consisting of myocardial cells, 

endothelial cells, epitiielial cells, tumor cells and tiie glycoprotein GPHbUIa receptor. 

128. A targeted fomiuiation according to Claim 127 which comprises 

vesicles. 
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129. A targeted fonnulation according to Claim 128 wherein said 
vesicles comprise lipid vesicles. 

1 30. A targeted fomulation according to Claim 129 wherein said lipid 
vesicles are selected from the group consisting of liposomes and micelles. 

S 13 1. A method for proWding an image of an internal region of a patient 

compiismg (i) adininistering to the patient a targeted composition which comprises a lipid, 
protein or polymer and a gas» in combination with a targeting ligand, vdierein said 
targeting ligand targets cells or receptors selected from tfie gtonp consisting of myocardial 
cells, endothelial cells, epithelial cells, tumor cells and the glycoprotein GPHbllla 
1 0 receptor, and (ii) scanning the patient using ultrasound to obtain a visible image of the 
regiorL 

132. A method for providing an ima^ of an internal region of a patient 
comprising administering to the patient a vesicle composition which comprises, in an 
aqueous carrier, vesicles comprising a lipid, protein or polymer and a gas, in combination 

1 S widi a targeting ligand, >^erem said targeting ligand targets cells or receptors selected 
fiom the group consisting of myocardial cells, endothelial ceils, epithelial cells, tumor 
cells and the glycoprotein GPIIbllla receptor, and (ii) scanning the patient using 
ultrasound to obtain a visible image of the region. 

133. A method for diagnosing the presence of diseased tissue in a patient 
20 comprising (i) administering to the patient a targeted composition v^ch comprises, in an 

aqueous carrier, a lipid, protein or polymer and a gas, in combination with a targeting 
ligand, wherein said targeting ligand targets cells or receptors selected from the group 
consisting of myocardial cells, endothelial cells, epithelial cells, tumor cells and the 
glycoprotein GPUbOIa receptor, and (ii) scanning tiie patient using ultrasound to obtain a 
25 visible image of any diseased tissue in the patient 



1 34, A method for diagnosing the presence of diseased tissue in a patient 
comprising (i) admiiustering to the patient a vesicle composition which comprises, in an 
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aqueous carrier, vesicles comprising a lipid, protein or polymer and a gas, in combination 
with a targeting ligand, wherein said targeting ligand targets cells or receptors selected 
fiom the group consisting of myocardial cells^ endothelial cells, epithelial cells, tumor 
cells, and the glycoprotein OPIIbllla receptor; and (ii) scanning the patient using 
5 ultrasound to obtain a visible image of any diseased tissue in the patient 

135. A method for die therapeutic delivery in vivo of a bioactive agent 
comprising administering to a patient a dierapeutically effective amount of a formulatiori 
which comprises, in combination wifli a bioactive agent, a targeted composition 
comprising a lipid, protein or polymer and a gas, in combination with a targeting ligand, 

1 0 wherein said targeting ligand targets cells or receptors selected from the group consisting 
of myocardial cells, endothelial cells, epithelial cells, tumor cells and the glycoprotein 
GPnbnia receptor. 

136. A compound having the formula 

Ri-Xi 

RrXrR2-C-M-X2-Z-X3-Q 

k 

wherein: 

1 5 each X, is independently -S-, -SO-, -SOj-, -NR4-, -X4-C(=X5)-, 

-C(=X5)-X4-or.C(-X5)-; 

eadi of X2 and X3 is independently a direct bond, -R5-X4-C(-X5)-, 
.R5.C(=X5>X4, .X,^=X,)-R5-, <:(=X5)-X4-R5-, -X4.R5-C(=X5).X,-, 
-R5.X4-C(=X5)-R5-C(=X5>X4- or .R5-C(=X5>X,.R5.X4-C(=X5)s 
20 each X4 is independently -0-, -NR4- or -S-; 

each X5 is independently O or S; 

M is -R5-X4-C(=X5>, .R5^(=X5)-X4-, .R5.X4-(YX5)P(=X5)-X4- or 

.X4-{YX5)Pt=X5>X,-R5S 

Y is hydrogen or a pharmaceutically acceptable counter ion; 
25 Z is a hydrophilic polymer; 

Q is a targeting ligand or a precursor thereto; 

each R, is independently alkyl of I to about 50 carbons; 
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each R2 lis independently alkylene of 1 to about 30 carbons; 
each of and R4 is indq)endently hydrogen or allgrl of 1 to about 

10 carbons; and 

each R5 is independently a direct bond or aik^ene of 1 to about 30 

S carbons. 

1 37. A compound according to Claim 1 36 wherein: 

each X, is independently -X^-CC^X,)-. 'Ci=X^yX^' or -C(=X5)-; 

each of X2 and X3 is independently a direct bond, •R5-X4-C(=X5K 
.R5-C(=X3)-X„ .X,^(=X5>R,., -C(=X5)-X,.R5-, -X,^^i^X,yX,- or 
10 -R5-X4-C(=X5>R5-C(=X5)-X4S 

each X4 is independently -O- or -NR4-; 
Xj is O; and 

M is -R5-X4-C(=X5> or .R5-X4-(YX5)P(==X5)-X4-. 

138* A compound accordii^ to Claim 137 \^erein: 
15 each X, is independently -X4-C(«Xj> or -C(=X5)-X4-. 

1 39. A compound according to Claim 138 wherein: 
X,is.C(=X5).X4-. 

140. A compound according to Claim 139 wherein: 

each R, is independently alkyl of greater than 1 to about 40 carbons; 
20 eachRjisindependentlyalkylenepfl to about 20 carbons; 

each of R3 and R4 is hydrogenor alkyl of 1 to about S carbons; and 
each Rj is independently a direct bond or alkylene of 1 to about 20 

carbons, 

141. A compound according to Claim 140 wherein: 

25 each R, is independently alkyl of about 5 to about 30 carbons; 

each R2 is independently alkylene of 1 to about 10 carbons; 
eadi of R3 and R4 is hydrogen; and 
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each R5 is indep^dently a direct bond or alkylene of 1 to about 1 0 



carbons. 



142. 



A compound according to Claim 141 wdierein: 
each Rt is independently alicyl of about 10 to about 20 carbons; 
each R2 is independently alkylene of 1 to about 5 carbons; and 
each R5 is indq)endently a direct bond or alkylene of 1 to about 5 



carbons. 



10 



143. 



A compound according to Claim 142 wherein: 

each R] is independently alkyl of about IS carbons; and 

R^ is -CHj-; and 

each R5 is a direct bond or -iCVL^j^-, where x is 1 or 2. 



144. A compound according to Claim 143 wherem Z is selected &om the 
group consisting of polyalkyleneoxides, polyvinyl alcohol, polyvinylpyrrblidones, 
polyacrylamides, polymethacrylamides, polyphosphazenes, poly(hydioxyalkylcarboxylic 

1 S acids) and polyoxazolidines. 

145. A compound according to Claim 144 wherein Z comprises a 
polyalkyleneoxide. 

1 46. A conipound according to Claim 145 wherein said 
polyalkyleneoxide is selected from the group consisting of polyethylene glycol and 

20 polypropylene glycol 



147. A compound according to Claim 146 wherein said 
polyalkyleneoxide^ comprises polyethylene glycol. 



148. A compound according to Claim 146 wherein: 
X, is-C(=0)-0-. 
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149. 



A compound according to Claim 148 wherein: 

X2 is <:H2CHj<:(=0)-NH. or -GH2CH2NH.C(K))-CH2CH2-C(0). 



Nil-. 



150. 



A conq)ound according to Claim 1 49 wherein Q comprises a 



S taigeting ligand. 

151. A conq[)ound according to Claim ISO wherein said taigeting ligand 
targiets cells or receptors selected fifom the group consisting of myocardial cells, 
endothelial cells, epithelial cells, tumor cells and the glycoprotein GPHbllla receptor. 

1 52. A compound according to Claim ISO wherein said targeting ligand 
1 0 is selected fix>m the group consisting of proteins, i)eptides, saccharides, steroids, steroid ' 

analogs, bioactive agents, and genetic material. 



153* A compound according to Claim 152 wherein said targeting ligand 
is selected fix>m the group consisting of proteins, peptides and saccharides. 



15 



1 54. A compound according to Claim 1 53 wherein: 
X2 is -CH2CH2-C(=0>NH-, 



155. A compound according to Claim 1 53 wherein: 
Mis-CH20-C(=0)-.^ 



1 56. A compound according to Claim 155 wherein: 
X3is-C(=0)-NH-. 



20 



1 57. A compound according to Claim 1 56 wherein: 
Q comprises a peptide. 



158. 



A compound according to Claim 157 wherein: 
Q comprises -Lys-Ghi-Ala-Gly-Asp-Val, 
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1 59. A compouiid accocding to Claim 156 vdieiein: 
Q comprises a protein. 

1 60. A compound according to Claim 1 59 herein: 
Q comprises Protein A. 

16L A coinpound according to Claim 155 v4ierein: 
Xj is -NH^=0).CH2 or -NH<:(=0)-CH2CH2-. 

1 62. A compound according to Claim 1 6 1 wherein: 
Q comprises a protein. 

1 63. A compound according to Claim 162 wherein: 
Q comprises Protein A. 

1 64. A compound according to Claim 161 wherein: 
Q comprises a cyclic peptide. 

165. A compound according to Claim 1 55 wherein: 
X3 is a direct bond or -NHCH2-C(0>NH-, 

1 66. A compound according to Claim 165 wherein: 
Q comprises a saccharide* 

167. A compound according to Claun 166 wherein: 
Q comprises a monosaccharide. 

1 68. A compound according to Qaun 167 wherein: 
Xjisadirect bond 

169. A compound according to Claim 168 wherein: 
Q comprises glucose. 
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170. A compound according to Claim 167 wherein: 
X3is-NHCH2^(=0>NH.. 

171. A conq)Ound according to Claim 170 wherein: 
Q comprises mannose. 

1 72. A compound according to Claim 1 S3 wherein: 
M is -CH20-(H0)P(O>0-, 

173. A compound according to Clmm 172 wherein: 
X3is-C(K))-NH-. 

1 74. A compound according to Claim 1 73 wherein: 
Q comprises a peptide. 

175. A compound according to Claim 1 74 wherein: 
Q comprises -Lys-Gln-Ala-Gly-Asp-Val. 

176. A compound according to Claim 173 wherein: 
Q comprises a protein. 

177. A compound according to Claim 176 wherein: 
Q comprises Protein A. 

1 78. A compound according to Claim 1 53 wherein: 
X2 is -CH2CHjNH-C(<>)^H2CH2'<:(<>)-NH- 

179. A compound according to Claim 1 78 wherein: 
M is -CHjCHHO)P(=0>0-. 

1 80. A compound acicording to Claim 1 79 vdierein: 
X3 is .NH.C(=0)-CH2CH2-. 
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181. A compound accoiding to Claim 180 wherein: 
Q comprises a protein. 

1 82. A compound according to Claim 181 wherein: 
Q comprises Protein A. 

S 183. A compound according to Claim 148 wherein: 

Q comprises a precursor to a targeting ligand. 

1 84. A compound according to Claim 1 83 wherein: 

Q comprises a partially unsaturated or aromatic 5- to 7-membered 
monocyclic ring contairiing 1 or 2 N, O or S atoms. 

10 185. A compound according to Claim 1 84 wherein: 

Q is selected fiom the group consistmg of a maleimide moiety and 

pyridyl moiety, 

1 86. A compound according to Claim 1 85 wherein: 
X3is-NH-C(=0)-. 

15 1 87. A compound according to Claim 1 86 vdierein: 

Xj is -CHjCH2-C(=0)-NH-. 

188. A compound according to Claim 1 87 wherein: 
Mis-CH20-C(=O)-. 

1 89. A compound according to Claim 1 87 wherein: 
20 Qconqnises a maleimide moiety. 



190. 



A compound according to Claim 186 wherein: 
M is -CHjCKHO)P(0)-0-. 
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191. A compound accozxiing to Claim 190 wherein: 

- X2 is -CHjCHj-NH-CX-OKHjCHjCC^O^NH-. 

192. A compound according to Claim 191 wherein: 
Q comprises a maleimide moieQr. 

193. A compound according to Claim 185 wherein: 
Xj is -NH-C(=K)H:H2CH2-. 

194. A compound according to Claim 193 wherein: 
Mis<:H2CW:(=0>. 

195. A compound according to Claim 194 wherein: 
X2 is -CHjCHj-CC^O^NH-. 

196. A compound according to Claim 195 wherein: 
Q comprises a pyridyl moiety. 

197. A compound accordii^ to Claim 193 wherein: 
M is <:H20-(H0)P(=0)-0-. 

1 98. A compound according to Claim 1 97 wherein: 
Xj is ^2CH2-NH-C(=0)-CH2CH2C(0>NH-. 

199. A compound according to Claim 198 vdierein: 
Q comprises a pyridjd moiety. 

200. A compound having the formula 
L-P.T 

wherein: 

L is a lipid, protein or polymer, 
P is a hydrophilic polymer, and 
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T is a targeting ligand. 

201 . A compound according to Claim 200 vAierein L is a lipid 

202. A compound according to Claim 201 wherein said lipid is selected 
from the group consisting of lecithins, phosphatidylcholines, phosphatidylserines, 

5 phosphatidylinositols, cardiolipins, cholesterols, cholestax}lamines, lysophosphatides, 
eiythro-sphingosines, sphingomyelins, cetamides, cerebrosides, saturated phospholipids, 
unsaturated phospholipids and krill phospholipids. 

203. A compound according to Claim 202 wherein said lipid is selected 
from the group consisting of lecithins, phosphatidylcholines, phosphatidylserines and 

10 phdsphatidylinositols. 

204. A compoimd according to Claim 201 wherein said lipid is selected 
from the group consisting of 1 ,2-diacyl-sn-glycero-3'phosphocholines, 

1 ,2-diacyl-sn-glycero-3-phosphoethanoIamines, 

l,2Kliacyl-sn-glycero-3-[phospho-rac-(l-glycerols)], l,2-diacyl-sn-glycero-3-phosphates, 
15 l,2-diacyl-sn-glycero-3-[phosphoserines], lysophosphatidylcholines, 

lysophosphatidylglycerols, 1,2-diacyl-sn-glycerols, 1,2-diacyl-ethylene glycols, N-(n- 
caproylamine)-l ,2-di2u:yl-sn-glycero-3-phosphoethanolamines, N-dodecanylamine- 
l^Kiiacyl-sn-gIycero-3-phosphoethanolammes,N-succinyl-l,2-diacyl-s 
phosphoethanolamines, N-glutaryl-l,2KUacyl*sn-glycero*3-phosphoethanotanunes and 
20 N-dodecanyl«l,2-diacyl-sn*glycero-3-phosphoethanolainines. 

205. A compound according to Claim 204 wherein said lipid is selected 
from the group consisting of l,2-diacyl-sn-glycen)-3-phosphocholincs, 
l,2-diacyl-sn*glycero-3-phosphoetfaanolamines, 

1 ,2-diacyl-sn-glyccro-3-(phospho-rac-(l -glycerols)], 1 ,2-diacyl-ai-glycero-3-phosphatcs, 
25 l,2-diacyl-sn-glycero-3-[phosphoserines], lysopho^hatid^cholines, 
lysophosphatidylglycerols and 1 ,2-diacyl-sn-glycerols. 
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206. A compound ac(x>rdiiig to Claim 200 wherein L is a piotem^ 

207. A compound according to Claim 206 wherein said protein 
comprises id^umin. 

208. A compound according to Claim 207 vdierein Lis a polymer. 

S 209. A compound accordiiig to Clsum 208 wherein said polymer 

comprises synthetic polymers or copolymers which are prepared fiom monomers selected 
from the group consisting of acrylic acid, methacrylic acid, ethyleneimine, crotonic acid, 
acrylamide, ethyl acrylate, methyl methacrylatc, 2-hydroxyethyl methacrylate, lactic acid, 
glycoiic acid, e-caprolactone, acrolein, cyanoaciylate, bisphenol A, epichlorhydrin, 

1 0 hydroxyalkylacrylates, siloxane, dimethylsiloxane, ethylene oxide, propylene oxide, 
ethylene glycol, hydroxyalkylmethaoylates, N-substituted acrylamides, N-substituted 
methaciylamides, N-vinyl-2-pyiroIidone, 2,4-pentadiene-l-ol, vinyl acetate, aciylonitiile, 
styrene, p^amino-styrenc, p-aminobenzylstyrene, sodium styrene sulfonate, sodium 2- 
sulfoxyethyl-methaciylate, vinyl pyridine, aminoethyl methacrylates and 2- 

15 methacryloyloxytrimethyl-anunonium chloride. 

2 1 0. A compound according to Claim 208 wherein said polymer 
comprises synthetic polymers or copolymers selected from the group consisting of 
polyaciylic acid, polyethylencunine, polymethacryiic acid, polymethyhnethacrylate, 
pdlysildxane, polydimethylsiloxane, polylactic acid, poly(€-caprolactdne), epoxy resin, 
20 poly(ethylene oxide), poly(propylene oxide), poly(ethylene glycol), polyamide, 
polyvinylidene-polyacryloidtrile, polyvinylidene-polyacrylonitiilc- 
polymethyhnethacrylate and polystyrene-polyacrylonitiile. 



21 1. A coixq)Ound according to Claim 210 wherein said polymer 
comprises poly^nylid^ie«polyaciylonitrile copolymer. 
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212. A compound according to Claim 200 wherein said hydiophilic 
polymer is selected fiom the group consisting of polyaUcyleneoxides, polyvinjd alcohol, 
polyvinylpyrrolidones, polyaaylamides, polymethaciylamides, polyphosphazenes, 
poly(hydroxyalkylca]iK>xyiic adds) and polyoxazoUdines. 

5 213. A con4)oundaccordii% to Claun 212 wherein said hydrophilic 

polymer comprises a polyaikyleneoxide. 

214. A compound according to Claun 213 v^erein said 
polyaikyleneoxide is seliscted fiom the group consistmg of polyeth^ene glycol and 
polypropylene glycol. 

10 215. A compound accorcUng to Claim 214 Mi^rein said 

polyaikyleneoxide comprises polyeth)iene glycol. 

216. A compound according to Claim 200 wherein said targeting ligand 
targets cells or receptors selected fiom the group consisting of myocardial cells, 
etidotheliai cells, epithelial cells, tumor ceils and the glycoprotein GPIIbllla receptor. 

15 2 1 7. A compound according to Claim 200 wherein said targeting ligand 

is selected fix>m the group consisting of proteins, peptides, saccharides, steroids, steroid 
analogs, bioactive agents and genetic material. 

218. A compound according to Claim 2 1 7 wherein said targeting ligand 
is selected from the group consisting of proteins, peptides and saccharides. 

20 219. A con^)ound accordmg to Claim 217 wherein said targetmg ligand 

targets regions of arteriosclerosis. 

220. A compound according to Claun 219 vdierein said arteriosclerosis 
comprises atherosclerotic plaque. 
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221. A compound acconling to Claim 217 wherein said taiget^ 
targets ih&icted myocaidiimi. 

222. A compound according to Claim 217 wherein said targeting ligand 
targets cancer ceils. ^ 



INTERNATIONAL SEARCH REPORT 



Intcnuuional ai^licatkm No. 
PCT/US96W938 



A. CLASSinCATION OF SUBJECT MATTER 

l?C{6) :A61K 49/00, 49/04; A61B 5/055 
US CL :424/9,52. 9.321 
According (o Intcnuuional Patent Classification GPC) or to both national dassiltcation and IPC 

B, HELPS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 424/9.52. 9.321, 9^, 450; 128/662.02: 530/300; 514/1, 75, 139 

Documentation searched other than mimmum documentatiofl to the extent that such documenu are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS, MEbUNE. BIOSIS, REGISTRY-STRUCTURE 

search terms: targeting, antibody, monoclonal, peptide, gas-filled, microbubble, liposome, ultrasound, imaging 



DOCUMENTS COI^IDERED TO BE RELEVANT 



Calesory* 


CiUlion of document, «dih indicttion, where appropriate, of Ihe relevant passages 


Rdevant to claim No. 


Y 


US 5,209,720 A (UNGER) 11 May 1993, s6e abstract and 
column 9, lines 1-21 


1-222 


Y 


US 5,362,478 A (DESAI ET AL) 08 November 1994, see 
entire document, especially columns 4 and 5. 


1-222 


Y 


US 5,380,519 A (SCHNEIDER ET AU 10 January 1995. see 
abstract and column 9, lines 43-68. 


1-222 



I I Further documents arc listed in the continuation of Box C. Sec patent Ikmily annex. 



* Special cstffOfics of cited documeatt: 

'A* docunKoldcrtaing ihe $<aenl tUrte of Ihe «« 

to be of fMflicultr relevtnce 

*£" carlkfdocumemp M blw h cdiw or after the iplenirtk^ 

*L* documetit wfaicti mwy throw douto on pnorily claini(i) or wUch it 

cited to enabliah tbe publicMioo dele Of wiolher citalion or other 
•pedal reaioo <M tpedficd) 

*0' documott referrinf to an oiml diactoattrc we. cxhibiikm or other 



later document pubtiabed after the imeniatKifiai filing date or prionty 
date iid not ID cooflici with the ^ ticMtioo bat cited to wkwt^ 
pmiciple or ibeoiy vnderfjnns the nvcotioQ 

docomcoi of particular relevanoe; the claimed mvcnlkNi caniot be 
cootidcnd novel or caonot be cooaideied to nivirfve an inventive itep 
when the document ii tafcca alone 



P* document publisbed prior to the bHenntioaal filing dale but 
the priori^ date claimed 



documoit of particular lelevance: tbe cluned 
cooaidered to tnvotve an inventive itep whi 
combined with ooc or more other auch docuroenia. 
being obvious to a penon tkilled in tbe art 

document metober of the aame patent (ao% 



Date of the actual completion of the international search 
04 SEPTEMBER 1996 



Dale of mailing of the international search report 

0 2 OCT 1996 



/j 



Name and mailing address of the ISAAJS 
ConuniMiioncr of Patents and Trademarks 
B6XPCT 

Washington* D.C. 20231 

Facsimile No. 003) 305-3230 



Authorized officer 

Michael G. Hartley 
Telephone No. (703) 308-1235 



Form PCT/ISA/210 (second sheelKiuly 1992)* 



INTERNATIONAL SEARCH REPORT 



Inlcmatjooal applicattoo No. 
PCTA;S96/09938 



Box I Obscnratkms Where certaio claims were found miseardiable (Qnitiniiadoo of ktin 1 iof first sbcieO 



This ouemational fcpoit has not been established in respect of certain claims under Article 17(2Xa) for the fbUowing reasons: 
1. ri Claims Nos.: 

because they rebtc to subject matter not required to be searched by this Authority, namely: 



2. I I Claims Nos.: 

^ because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful ixUemational search can be carried out, specifically: 



3. Q Claims Nos.: 

because Ihey are dependent chums and are not drafted in accordance with the second and thixd sentences of Rule 6.4(a). 



Box H Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found muhiple inventions in this inteniational application, as follows: 
Please See Extra Sheet. 



1 . nn As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. ^] As all searchable claims could be searched yrilhout effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. \ I As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, thus international search report is 
restricted to the invention fu^t mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

( [ No protest accompanied the payment of additional search fees. 



Form PCT/lSA/210 (conUnuation of first sheet(l))(July 1993}ii 



INTERNATIONAL SEARCH REPORT 



Imematioiial application No. 
PCTAIS96/09938 



BOX n. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which arc not so linked as to form a single 
inventive concept under PCT Rule 13.1. In oider for all inventions to be examined, the appropriate additional 
examination fees roust be paid. 

Group 1, daim(s) 1-135» drawn towards therapeutic or diaignostae compositions comprising a bioactive agent, lipid, 
protdn or polymer and a gas in combination with a largetihg ligand, and method of preparing and therapeutic methods 
thereof. 

Group 11, claim(s) 136-199, drawn to compounds of the formula as shown in claim 136. 

Group III, ciaim(s) 200-222, drawQ to a compound of the. formula L-P*T. wherein L is a lipid, P is a bydrophilic 
polyiner, and T is a taigcting ligand. 
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